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1.1 GENERAL INTRODUCTION 
The many observations that exogenous deoxyribonucleic acid (DNA) 
and, in some cases, ribonucleic acid (RNA) can induce transformation 
in numerous bacterial species, simultaneously suggests that 1) these 
molecules can enter bacteria and, once there 2) can function in pro-
ducing specific effects. On the other hand, parallel reports concerning 
the effects of exogenous nucleic acids on animal cells in v ivo and 
in v i t r o are fewer in number and less convincing. Therefore the 
research described here involved further attempts to elucidate the 
effects of nucleic acids, especially RNA, on two established mammalian 
cell strains in v i t r o . More specifically, the purpose of the present 
research was to arrive at a basic description of changes induced by 
exogenous nucleic acids in these cell lines with a view to possible 
applications in later transformation *) experiments. 
Since a historical review summarizing the attempts (mostly un-
successful) begun in 1957 to produce transformation in animal cells in 
v ivo and maintained in v i t r o is apparently lacking, such a review 
is recorded here in the introduction for reference purposes. (Indeed, 
the numerous reports of unsuccessful in v i v o attempts to produce 
transformation in animal cell cultures have prompted the present in 
v i t r o research.) Appended to this literature review at the end of the 
introduction is offered a discussion about the term of transformation. 
Moreover, there is a list of research problems suggested by previously 
reported transformation research and, in addition, a brief synopsis of 
the arrangement of the remaining chapters. 
1.2 A HISTORICAL REVIEW OF IN VIVO AND IN VITRO TRANSFOR-
MATION PHENOMENA IN ANIMAL CELLS 
1.2.1 I n t r o d u c t i o n 
It is currently held that intracellular transfer of genetic information 
*) In subsection 1.3 will be discussed the possibility at all to speak about transfor-
mation in v i t r o , especially by means of RNA. 
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involves functional interactions between DNA and RNA. According to 
well known hypotheses DNA molecules transpose genetic information 
on to messenger RNA templates (transcription). This messenger RNA 
molecule then migrates to the cytoplasm where its extremity combines 
with free ribosomes to form a polyribosomal structure in which pro-
tein is synthesized (translation). Such information transfer is, however, 
not peculiar to communication between the nucleus and cytoplasm of 
one cell (RICH 1963, GROS 1964 and HARRIS 1965), but is also known 
to occur between cells and/or individuals. 
Nucleic acid mediated information transfer between cells or indivi-
duals may be subdivided into three categories. The first involves the 
fusion of gametes associated with fertilization in higher organisms, 
thus guaranteeing the union of the genetic material originating from 
two different individuals. Furthermore, in the subsequent meiosis 
chromosomal recombination facilitates the regrouping of this genetic 
material in preparation for the next fertilization. Fertilization-like 
transfer of genetic material between cells or individuals (conjugation) 
is known for example in E s c h e r i c h i a c o l i in which LEDERBERG 
(1946) first established that recombinants of normal strains in this 
organism sometimes exhibited auxotrophic characteristics. 
A second manifestation of genetic transfer involves the phenomenon 
of transduction. By definition this phenomenon consists of virus me-
diated transfer of genetic particles from one bacterial cell to another. 
Finally the third possibility is transformation: transfer of genetic in-
formation by means of molecular DNA. 
A characteristic possessed in common by these three forms of trans-
fer (SPIZIZEN 1959 and RAVIN 1960) between two cells and/or indivi-
duals (i.e. conjugation, transduction and transformation) is that they 
are all mediated by exogenous DNA. Recently it has been demonstrated 
that RNA can also be used to obtain transfer of information (MARSHAK 
1959, FRAENKEL-CONRAT 1962 and TEMIN 1964) even in higher 
organisms. 
The scope of the present historical review is limited to studies on 
transformation phenomena. *) Attention is given s e n s u s t r i c t o
 fto not 
only DNA, (RIEGER and MICHAELIS 1958) as mediator of genetic in-
formation transfer, but also s e n s u l a t o , to transfer accomplished 
with RNA. The first part is concerned with in v i v o transformation, 
especially as it has been studied in multicellular organisms (in par-
ticular, animals), and with this as background, the corresponding in 
v i t r o phenomena will then be considered. Finally literature on the 
*) We are therefore excluding all phenomena of extrachromosomal inheritance, as 
reviewed by JINKS (1964), the effects of exogenous nucleic acid of viral origin, 
where chromosome aberrations may occur in higher organisms and nuclear trans-
plantations. 
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mechanism of transformation (in v i t r o and in v i v o ) will be re-
viewed. 
1.2.2 T r a n s f o r m a t i o n p h e n o m e n a in v ivo 
The possibility of transformation exists not only in bacteria but also 
in multicellular organisms. For bacteria, it was first reported in 1928, 
whereas the first citation on the possibility of transformation in higher 
organisms did not appear in the literature until 1957. 
1.2.2.1 Transformation in bacteria 
In 1928 GRIFFITH first reported that avirulent strains of pneumo-
cocci could be transformed into virulent ones by extracts from these 
virulent strains. AVERY and coworkers (1944) established that the 
transformingprincipleofthese extracts was not attacked by proteolytic 
enzymes or ribonuclease (RNase), but was destroyed by DNase; there-
fore, they ascribed the transforming activity to DNA. According to 
them, DNA is apparently not only responsible for the genetic expres-
sion but also for the transfer of heritable traits from one cell to an-
other. 
It soon became apparent that transformation was not peculiar to 
pneumococci, but was indeed possible in many other species of bacteria. 
For example, in a review article on transformation in bacteria, RAVIN 
(1961) recorded a total of 20 species in which the transfer of genetic 
characteristics was apparently brought about by exogenous DNA. *), Even 
though the first report of DNA-induced genetic transformation involved 
a specific polysaccharide synthesis, it is now known that almost every 
heritable trait found in bacteria is subject to transformation by DNA. 
For example, much of the research on transformation has been focused 
on inherited resistance against antibiotics or on synthesis of specific 
enzymes. It is furthermore evident that the concentration of research 
effort in these two fields is due to the ease with which transformed 
bacteria may be differentiated from controls. 
The extensive research with bacteria has suggested that the best 
definition for transformation (valid also after 1957) might be: the trans-
fer of genetic characteristics, as mediated by DNA, in which the re-
cipient bacteria assume certain characteristics of the line from which 
the transforming DNA molecule was originally isolated. 
*) In the remainder of this report about transformation phenomena is for convenience 
always with DNA and RNA meant: e x o g e n o u s DNA or RNA. 
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1.2.2.2 Transformation phenomena in multicellular organisms 
Evidently the first well established example of attempted trans-
formation in multicellular organisms is that reported by BENOIT, 
LEROY, VENDRELY and VENDRELY in 1957 as a result of their ex-
periments with two different varieties of ducks. In their experiments 
DNA from the blood and testes of Khaki Campbell ducks was isolated 
and injected into the peritoneal cavity of Pekin ducks. As a result, 
recipient ducks and their first generation offspring exhibited somatic 
modifications. In spite of reservations held by the authors in sugges-
ting a definite conclusion concerning their observations (they preferred 
to relegate their hypotheses to the category of speculation), their pho-
tographs clearly show (as was evident to me during a visit to BENOIT's 
laboratory) that Pekin ducks injected with Khaki Campbell DNA devel-
oped abnormal bill form, feathers and tail during post-hatch growth. 
Moreover, similar exceptional characteristics were also easily seen in 
their photographs of the first generation offspring; these included ab-
normal tail color, bill form and foot webbing. Later, even though they 
were not able to exactly repeat their results (I960), the same resear-
chers still obtained somatic modification in 9 out of 12 ducks by treating 
them with non-isologoue DNA. They wrote "We were not so ingenious, 
despite our own certainties, as to hope to convince many doubters." 
BENOIT himself, however, pointed out that the action of DNA or the 
receptiveness of the ducks might have been influenced by protein or 
possibly traces of polysaccharide present as contaminants in the pre-
paration injected. 
The pioneer research of BENOIT et al. (1957) stimulated many sub-
sequent investigations on the possibility of in v ivo transformation in 
higher organisms. One example is the unsuccessful attempt of PERRY 
and WALKER (1958) to induce transformation in rats. They employed 
methods of BENOIT et al. (at the time personally communicated 
to PERRY and WALKER by VENDRELY) for isolating DNA from the 
thymus and spleen of two different strains of rats, the Addis-Slonaker 
strain, recognizable on the basis of pink eyes and white hair and the 
Long-Evans strain with black eyes, head and hair. The isolated DNA 
from these two strains was injected into new-born albino rats. Nine 
such albinos were used with each receiving a series of 17 subcutaneous 
injections containing a total of 72-78 mg DNA/animai. The results were 
negative; there was no detectable change in pigmentation of the fur or 
eyes in the treated rats or in their offspring. In other experiments, 
PERRY and WALKER attempted to cure rats with non-hemolytic hyper-
bilirubinemia (a homozygous recessive trait resulting from blocked 
glucuronyl transferase activity) by treating them with DNA isolated 
from normal animals. However, this attempt was equally unsuccessful 
and the genetic abnormality was not corrected. 
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The amount of DNA which PERRY and WALKER (1958) used in their 
experiments was ten times more in relation to body weight than that 
reported by BENOIT et al. (1957 and 1960) in ducks. They rightly pointed 
out that DNA, after injection, might not reach the cells to be transform­
ed - in any case it would have to pass more barrier membranes than in 
the bacterial system and would be exposed to serum DNase in the blood 
stream. In relation to the latter possibility HUDNIK-PLEVNIKet al. 
(1959)andTSUMITAandIv7ANAGA (1963) have demonstrated that most 
of the DNA injected into rats and mice is digested, leaving only a small 
fraction to be recovered from the spleen and liver. As an indirect con­
firmation HILL and JAKUBICKOVA (1962) showed that, under normal 
physiological conditions, nuclei of bone marrow cells are capable of 
incorporating DNA synthesized in other cells. A similar in v ivo re-
utilization of exogenous DNA was also found by RIEKE (1962) and by 
FICHTELIUS and GROTH (1963). 
In spite of the unsuccessful attempts of PERRY and WALKER (1958) 
to demonstrate transformation in rats, BEARN and KIRBY (1959) at­
tempted to produce color changes in albino rats by treating them with 
DNA from normally pigmented animals. (They felt that the Pekin duck 
line used by BENOIT and his co-workers was genetically impure and 
therefore wished to repeat these early experiments with highly inbred 
rat strains). However, their attempts to produce somatic mutations in 
Wistar rats by using DNA from August rats proved unsuccessful - they 
injected DNA isolated from livers, spleens and testes of the August line 
into uteri of pregnant Wistar animals which bore embryos at the blas­
tocyst stage of development. Also they gave similar doses intraperi-
toneally to newborn Wistars. According to these authors, dilution and 
the action ofDNase in the blood stream were the two factors most likely 
to operate in preventing transformation in Wistar rats. Similar expe-
rimentsof BEARN (1959) were prompted by the results of LEUCHTEN-
BERGER (1958) and HEWER and MEEKS (1958). He attempted to pro­
duce tumors in very young Wistar rats (less than three hours old) by 
subcutaneous and intraperitoneal administrations of DNA from rat 
sarcoma cells and rat hepatoma. His results were negative; even after 
nine months he was unable to observe malignant changes. As mentioned 
by BEARN, it is indeed important to report methods that have failed 
to produce positive results. 
LEUCHTENBERGER (1958) and his co-workers found that livers of 
white mice, В ALB/C and CFi lines, exhibited abnormal cytological and 
cytochemical changes after receiving repeated intraperitoneal injec­
tions with DNA from breast cancer of DNA-treated C3H mice (the lat­
ter treatment consisted of injecting liver and kidney DNA from other 
C3H mice). Since they followed the experimental procedure of BENOIT 
et al. (1957), the procedure for isolation of DNA was taken from 
VENDRELY (1957). The incidence of breast cancer in the donor C3H 
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mice was approximately 95% whereas, in recipient BALB/C and CFi 
mice, it was less than 10% after treatment. The cytological and cyto-
chemical abnormalities observed in the livers of the treated mice con-
sisted of clusters ofabnormally large cells with large nuclei and PAS-
positive nucleoli similar to those encountered in hepatoma. They also 
observed retarded growth rates in the recipient animals. Similar in 
v ivo results in mice were recorded by SMITH and CRESS (1961) who 
produced bizarre nuclear changes in viable· cells with subdermal in-
jections of DNA from Ehrlich ascites cells. (However, their main 
experiments are done with L-fibroblasts.) Similarly, HEWER and 
MEEKS (1958) induced carcinoma in mice with DNA extracted from 
herring sperm; 23 days after injection the animals died. 
In view of the difficulties encountered in defining parameters of many 
in v ivo systems used in transformation studies, FAHMY and FAHMY 
(1961 and 1962) chose the well analysed species, D r o s o p h i l a m e -
l a n o g a s t e r , for study. That is, according to these authors, many of 
the problems encountered by BENOIT et al. (1960) with repeating their 
previous observations might be ascribed to the incompletely known 
genetics of the duck. A similar argument was invoked to account for 
the failure to discover transformation effects in ra ts (BEARN and 
KIRBY 1959 and PERRY and WALKER 1958). FAHMY and FAHMY fur-
ther pointed out the advantage accruing from the many known and ana-
lyzed loci in D r o s o p h i l a which might permit the identification of al-
most any gene affected by foreign DNA molecules. Even though FAHMY 
and FAHMY did not obtain "gene replacement" (i.e. induction of trans-
formation at specific loci by replacing endogenous DNA at these sites 
with exogenous DNA), they were able to produce elevated mutation rates 
by microinjecting recipient flies with DNA from wild type D r o s o p h i -
la -with especially high frequencies of "Minute" phenotypes occurring. 
It was also observed, however, that heterologous DNA from rat and 
bacteriophage, and histones produced the same results, thus suggesting 
that the induction of Minute phenotypes was physical in nature, i.e. the 
adsorption of gene inactivating materials might occur at specific re-
ceptive loci rendering their templates inoperative in the synthesis of 
DNA. They further reasoned that such a localized blocking of DNA syn-
thesis could result in daughter chromosomes with deletions at loci which 
were "masked" in parental strands. 
ATANASIU et al. (1962) found that it was possible to produce tumors 
with DNA isolated from tissue cultures which had been infected 
with polyoma virus. HAYS and CARR (1964) observed that it was not 
possible to induce leukemia in mice with DNA extracted from leukemic 
lymphoid tissue; while CANTAROW et al. (1965) observed only two tu-
mors in experimental rats injected with DNA from carcinomas. 
Only a few experiments are known in which in v i v o effects of RNA 
administration have been investigated. LACOUR (1960) was able to ob-
ló 
tain malignant tumors in mice by injecting them with human and mouse 
tumor RNA. For example, in one set of trials, three mice injected with 
RNA extracted with phenol from leukemic lymphoma developed abdomi­
nal tumors with many giant- and many multinucleated cells. It was evi­
dently even possible to transplant these RNA-induced tumors into mature 
mice. 
Further experiments with RNA as a possible in v ivo transforming 
agent include those of HESS, CORRIGAN and HODAK (1961).These 
authors reported elevated levels of adrenocorticotrophic hormone 
(ACTH) in hypophyses of Holtzmann rats receiving a series of two in­
traperitoneal injections of ACTH-free RNA from rat and cow pituitaries. 
In these experiments they also found that low doses of RNA (25 μg) had 
no effect, wehereas two administrations of 100 μg RNA gave definite ef­
fects. (The rat liver and bovine pancreas-RNA exerted no effect.) 
MANSOUR and NIU (1965) recently reported the effects of RNA iso­
lated from both pooled uteri and livers of mature female Swiss mice 
on the enzyme activity and morphology in untreated uteri of castrated 
mice. Ovariectomy produced not only morphological regression and 
involution of the uterus, but also reduction of the activity of alkaline 
phosphatase. Uterine-RNA was capable of inducing the castrate uterus 
to reassume its normal appearance and alkaline phosphatase activity. 
In this respect liver-RNA was ineffective. Moreover, preliminary re­
sults indicate that the effect of uterine-RNA is sustained for at least 
6 days after injection i n t r a - u t e r o into the recipient mice. It may 
be possible, as the authors remarked, that the RNA-induced changes 
in the uterus of the ovariectomized mouse constitute an example of 
modulation or regulation. 
COLTER and BIRD (1958) reported that RNA from virus-infected 
donor tissue was capable of producing infection-like symptoms (infec-
tivity) in recipient mice. Two successful preparations were RNA's 
from Mengo-virus infected Ehrlich ascites cells of mice and from 
brains of suckling hamsters which had been infected with polio type II 
virus. 
Finally the research of LATARJET (1958) may be cited. This re­
searcher recorded tumors in mice which had been treated with homo­
logous or isologous nucleic acid extracts of leukemic tissues. 
In summary it is proposed that, at the present, there is no compelling 
evidence in favor of in v ivo transfer of specific genetic characteris­
tics (whether by DNA or RNA) which is comparable with transformation 
in bacteria. However, the reutilization of exogenous DNA (known only 
for the last three years, see RIEKE, 1962 and FICHTELIUS and GROTH 
1963) theoretically constitutes a sufficient and necessary condition for 
arriving at transformation in v i v o . Reutilization of RNA has not been 
convincingly demonstrated - the experiments of HESS et al. (1961) and 
MANSOUR and NIU (1965) prove only that RNA plays a role in protein 
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synthesis. At the present it seems difficult to imagine criteria sufficient 
for identifying transformations in v i v o , assuming that they do occur. 
That is, the most important detectable gene products in transformed 
cells might be anomalous proteins (enzymes, antigens, antibodies, etc.) 
which could evoke secondary phenotypic effects; however, in view of 
present technical limitations, if such effects are to be detected in 
v i v o , they would ordinarily have to be expressed in relatively large 
numbers of cells. It is, furthermore, evident that such large numbers 
could be obtained only: 1) if identical transformation occurred simul­
taneously in many cells or 2) if the altered code in one cell gave rise 
to synthetic products which were not rejected and did not prove unfavor­
able for multiplication of this cell in the recipient tissue. Furthermore, 
even ifthegenomeontheDNAlevel were altered it still would be able to 
make use of environmental circumstances in determining the phenotype. 
"The farther removed a given phenotype is from its corresponding gene, 
the more chances there are for environmental influences for blurring 
the sharpness of expressed characteristics", GEERTS (1965). There­
fore, in higher organisms, as in bacteria, changes occurring in the 
code atthe'submolecular" level may or may not constitute the under­
lying causes of secondary modifications at the molecular level, a pos­
sibility which must be carefully considered. 
1.2.3 T r a n s f o r m a t i o n p h e n o m e n a in v i t r o 
Beginning in 1957, a large number of laboratories started searching 
for transformation in higher organisms. Because it appeared to be ex­
perimentally impossible to obtain DNA- and RNA-induced transforma­
tion in v i v o , as it had previously been done in bacteria, the majority 
of research attention has been devoted to tissue culture systems. It may 
be noted that until approximately 1961, investigation in this field was 
restricted to a search for the incorporation of homologous and hetero­
logous nucleic acids in v i t r o . However, as soon as it became appa­
rent, that such incorporation could occur, the first successful t rans­
formations of mammalian cells in v i t r o were accomplished with 
RNA as well as DNA. That is, traits characteristic of organs and or­
ganisms from which the nucleic acid had been isolated, were assumed 
by recipient cultures after they had received DNA or RNA. Thus it 
became established that information could be transferred to animal 
cells in v i t r o by RNA as well as DNA. 
1.2.3.1 Transformation phenomena in vitro by DNA 
Since the work of SMITH and CRESS (1961) occupies a position inter­
mediate between in v ivo and in v i t r o transformation, it is con­
sidered here first. That is, their experiments were patterned after the 
in v ivo experiments of HEWER et al. (1958), LEUCHTEN В ERG ER 
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(1958)1BEARN (1959) and LACOUR (1960) even though they used L-fi-
broblasts in v i t r o to test the effects of the exogenous DNA extracts. 
These authors incubated L-fibroblasts with DNA from Ehrlich ascites 
carcinoma and from sarcoma-180, in the hope of producing tumor fi­
broblasts (they were not specifically interested in transformation p e r 
s e , that is, in the demonstration of a new hereditable trait which might 
be traced to the action of a protein specifically induced by donor DNA). 
Perhaps they hoped that traits transferred by the exogenous DNA to­
gether with specific favorable culture conditions might give rise to a 
tumor. Even though they were not successful in producing tumor cells 
in v i t r o , they did observe that both types of tumor DNA brought about 
changes in morphology and retardation of growth in the fibroblast cul­
tures. It is furthermore interesting, in this connection, that DNA pre­
pared from mice sarcoma-180 cells grown in v i t r o had no effect on 
fibroblast cultures - a characteristic very possibly attributable to de-
differentiation occurring in tissue culture: В ARSK1( 1964). If tumor DNA 
was treated with DNase it was no longer able to produce changes in the 
recipient cultures. 
In a similar experiment GERBER (1962) isolated DNA from virus 
S V-40 and added it to cultures of kidney cells from C e r c o p i t h e c u s 
a e t h i o p s . In this case he established that the added DNA possessed 
an infectious nature. 
In December 1961, the first report of in v i t r o transformation was 
published (KRAUS 1961). This author was able to show that a new hemo­
globin appeared as a direct result of DNA incorporation. This result 
was technically obtained by incubating recipient bone marrow cells with 
labeled DNA from a donor whose hemoglobin type differed from that 
ofthe recipient. Since a close correspondence is known to exist between 
a DNA double helix and the corresponding hemoglobin molecule, this 
system offered the opportunity of directly relating a hereditable trait to 
information coded in DNA. 
In order to prepare labelled donor DNA, bone marrow erythroblasts 
from an individual who was homozygous for hemoglobin A, i.e. geneti­
cally determined to form single α Α β A and γ polypeptide chains, were 
cultured in the presence of autologous serum to which methyl-labelled 
tritiated thymidine was added. After incubating for four days, autoradio­
grams were made and DNA extracted. The autoradiograms showed that 
incorporation of tritiated thymidine had occurred. 
This labelled DNA preparation was tested for its transformation prop­
erties in several experiments. For example, in one case, a tissue cul­
ture inTyrode solution plus 10% of the patients plasma was made from 
the bone marrow of a patient with sickle cell anemia (homozygous for 
hemoglobin S i.e. with aA ßS and γ polypeptide chains - the patient also 
had 8% fetal hemoglobin) to which DNA from hemoglobin type A donor 
cells was added. Autoradiograms were made at spaced intervals in a 
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10-day period following the addition of the donor DNA; and all of them 
showed that tritiated DNA from the donor was incorporated into the cyto­
plasm and the nuclei of immature erythrocytes of the sickle cell pa­
tient. After incubating for 10 days in the presence of donor DNA, cultu­
res were labelled with 59Fe-autologous serum (1,5 hours) and hemo-
lyzed in preparation for paper strip electrophoresis. The total hemo­
globin component was found to be labelled with 59ре and forty five 
percent of the radioactivity was recovered in the strips, thus suggest­
ing that the blood cells were able to synthesize hemoglobin after in­
cubating 10 days in v i t r o with donor DNA. Further analysis of elec-
trophoretic mobilities of polypeptide chains as well as of whole hemo­
globin molecules simultaneously provided evidence that: 1) neosynthesis 
of hemoglobin had occurred during the 10 day incubation period and 2) 
the exogenous DNA had induced transformation. That is, the recipient 
cell strain, in addition to retaining its genetically determined capacity 
for synthesizing α A> β S a n d γ polypeptide chains, was also able to make 
donor-like α A, 3A
 an¿ ychains. These polypeptide chains in the cells 
had combined with each other to form, after receiving DNA from donor 
cells, two hemoglobins which were electrophoretically different from 
A, S and F. 
This ingenious research by KRAUS historically represents the first 
successful experiment to obtain DNA-induced transformations in higher 
organisms. The explanation for the success registered in these experi-
ments is perhaps traceable to the fact that sickle cell anemia had been 
well studied and, as a result, highly refined techniques were available 
for detecting delicate transformation (SINNOTT et al. 1958). For that 
matter abnormal hemoglobins were, at that time, the only well studied 
system in man offering the possibility to assay biochemical mutants in-
duced in protein molecules. A year later, in 1962, WEISBERGER de-
monstrated that modifications in globulin synthesis were inducible in 
immature human erythrocytes which were incubated in ribonucleopro-
tein (RNP). This experiment will be considered in more detail in the 
following subsection (1.2.3.2). 
BRADLEY, ROOSAand LAW (1962) have also studied DNA transfor-
mation in type P-388 cells maintained in v i t r o - a mammalian cell line 
exhibiting resistance to the action of 8-azaguanine. DNA from a subline 
of this strain (P388/AZGr-3) with an especially high level of resistance 
to the aforementioned drug, was added to cultures of ordinary P-388 
cells. After this, a large number of cells from line Ρ 388 were tested, 
for the presence of drug resistance, in a concentration of 8-azaguanine 
which ordinarily inhibited growth in the sensitive Ρ 388 strains. The 
results indicated that untreated control cells (that is, those receiv­
ing no DNA from the Ρ 388/AZGr-3 strain) exhibited very low levels 
of resistance while, on the other hand cultures previously treated with 
transforming DNA contained a large number of resistant cells. This 
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DNA-induced res is tance remained unchanged in cells, subcultured 
through several generations in the absence of 8-azaguanine and thus 
exhibited stability with respect to their newly developed character i s t ic . 
It was noticeable that the res i s tance in the transformed cells, however, 
was somewhat lower than in the donor population from which DNA had 
been isolated. 
This last data together with the fact that the DNA used for transfor­
mation had been isolated from a substrain of the original Ρ 388 cells 
rendered the resul ts less exciting than those of KRAUS in 1961. How­
ever, the observation that the newly developed character i s t ic endured 
through several generations encourages the interpretation that t r a n s ­
formation had occurred. 
SZYBALSKAandSZYBALSKI (1962) published what they thought was 
the first report of transformation induced by DNA in v i t r o (the work 
of KRAUS, 1961, was not known at that t ime). The treatment of IMP-
pyrophosphorylase(IMPPase) deficient human bone marrow cell lines, 
D98/AH-2, with DNA from cells positive for this enzyme (i.e. D98/AG 
lines) gave detectable numbers of IMPPase-positive cells in recipient 
cultures. Even though these experiments suggest that hereditable cha­
racter i s t ics a r e transferable from one line of bone marrow cells to 
another, the work (together with that of BRADLEY et al. 1962 and of 
SZYBALSKA et al. 1962) cannot be considered completely conclusive, 
as the cell line from which the DNA was extracted was a substrain of 
the recipient cel ls . That is, it seems impossible to determine whether 
the recipient cells had truly been transformed by donor DNA or if 
their IMPPase activity was attributable to modified culture conditions, 
with the donor DNA acting as a catalyst. In referr ing to their resul ts , 
SZYBALSKI(Cold Spring Harbor Symposium, 1964) stated: "We do not 
have very good evidence that our mutations a r e on the DNA level. Even 
the observations on the DNA-mediated transformation of the capacity 
to synthesize inosinic acid pyrophosphorylase might be explained by 
inferring non-chromosomal localization of the heriditary determinant." 
According to the report of PODGAJETSKAJA et al. (1964), native 
DNA isolated from sarcolysine-resistant rat sarcoma cells, 45 (S45r), 
transformed sarcolysine-sensitive cells (S45s) into those which were 
res is tant . The res is tance, character i s t ic of these DNA-treated cells, 
was hereditable in the sense that the following cell generations also 
exhibited levels of res is tance. Also in this case, as in the IMPPase 
research, the danger should be noted that the cell line used as donor 
of the transforming DNA was a substrain of the recipient cell line. 
Another difficulty involved in demonstrating transformation in higher 
organisms - as opposed to bacteria - is that a single transformed cell 
is not so easily detectable. (It is perhaps for this reason that experi­
ments with cells in v i t r o extended over such a prolonged period 
of t ime before their ability to undergo transformation became accepted 
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as a certainty). In an attempt to solve this problem, cloning methods 
commonly used in bacteriological technique were applied to investiga-
tion of specific characteristics in animal cell cultures - an attempt 
which was not so successful because the large number of spontaneous 
mutations, which occurred in higher frequencies, tended to obscure 
transformation-induced resistance (PODGAJETSKAJA, 1964, MATHIAS 
and FISHER 1962). FLOERSHEIM (1962) further indicated that a com-
parison of animal cell - with bacterial transformation is not completely 
valid because of the relatively small number of cells obtainable in t i s -
sue cultures. 
1.2.3.2 Transformation phenomena in vitro by RNA 
In the study of these phenomena it seems appropriate first to cite the 
work of NIU and his co-workers. NIU (1958) observed that RNA isolated 
from calf thymus, liver and kidney was able to induce differentiation 
in embryonic tissue. Excised pieces of young ectoderm from A m b l y -
e torn a t i g r i n u m were placed in hanging drop with donor RNA and, 
after about 12 days incubation, reimplanted between epithelial and me-
sodermal layers of young larvae. The determined structures assumed 
the characteristics of organs from which the RNA had been isolated. 
For example, kidney RNA induced the formation of tubuli in urodele 
ectoderm, whereas liver RNA induced a sort of gall bladder and hepatic 
corpuscles in the same embryonic tissue. The enzymatic characteris-
tics of gastrula ectoderm treated with liver RNA were later studied 
by the same author (NIU 1963). In this embryonic tissue (as well as in 
mouse ascites cells) glucose-6-phosphatase and tryptophane pyrrolase 
were demonstrable whereas, subsequent to a similar treatment with 
kidney RNA, L-amino acid oxidase and leucine aminopeptidase were 
present. Furthermore it was observed that these elevated levels of 
enzymatic activities were maintained in v i t r o for 20 subculturings. 
Another characteristic of RNA manifested itself in his experiments: 
96% of 146 Swiss mice receiving intramuscular injections of Nelson 
ascites cells developed solid tumors (NIU 1960). On the other hand, 
the same ascites cells, when incubated with calf liver RNA before in-
jection, induced, after injection, tumors in less than 10% of 154 mice. 
Both the RNA-treated and untreated cells were capable of incorporating 
DLl4c-leucine into protein. Not only did this calf liver RNA bring about 
deceleration of the growth of tumor cells, but it also depressed the 
growth rate of normal embryos in v i t r o when administered in con-
centrations 50x times higher than that which is optimal for ectodermal 
differentiation. These data of NIU (L960) were later confirmed by 
AKSENOVA, BRESLER, VOROBYEV and OLENOV( 1962) who also found 
that DNA did not depress the rate of tumor growth and that even the 
effectiveness of RNA was dependent on the administered concentration 
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and also upon the incubation time. CLICK (1965) was able to prevent 
growth of L 1210 leukemia cells by incubating them with thymus DNA, 
and DeCARVALHO and RAND (1961) reported parallel effects of RNA 
on tumors, but their findings have not been confirmed in the literature. 
The latter authors made attempts to supply malignant cells in s i t u 
with RNA extracted from normal tissues. Later, in follow-up research, 
DeCARVALHO (1963) examined biological properties of RNA from nor-
mal bone marrow - specifically he hoped to determine whether coded 
information directing hemopoiesis could be conferred upon a template 
ofnon-hemopoieticcellsbya sort of "subcellular homografting". Mor-
phological studies and differential cell counts in the bone marrows of 
two leukemic patients clearly indicated a local hemopoietic response 
subsequent to administration of RNA from normal bone marrow. Fi-
nally, however, this induced hemopoietic response either faded away 
or was completely masked by leukemic proliferation; intravenous ad-
ministration of RNA subsequent to the initial dose was not sufficient 
to sustain the aforementioned marrow changes, even if the adminis-
tered RNA was "protected" (see 1.2.4.1). 
After the preliminary experiments, NIU (1961 and 1962) was ready 
to publish his, now well known, experiments in which ascites cells of 
Nelson mice were incubated with calf's liver RNA. In this experiment 
the first observed consequence of treatment was a reduction in tumor 
formation from 97% to 10-20%. This reduction was correlated with (cel-
lular) changes in the biosynthesis of specific proteins, therefore was 
not attributable to selective mortality of the cells involved. Serum al-
bumin which under experimental conditions was not produced by Nelson 
ascites grown in v i t r o was synthesized in detectable amounts after 
these cells were treated and incubated with calf's liver RNA. The more 
extensive research of NIU. CORDOVA and RADBILL (1962) resulted in 
the discovery that Nelson ascites, Ehrlich ascites and Novikoff hepa-
toma cells, treated with liver RNA, tended to assume morphological 
and biochemical characteristics normally typical of the liver. For 
example, organoids characteristic of liver, together with specific liver 
proteins, (e.g. serum albumin, tryptophane pyrrolase and glucose-6-
phosphatase) were discovered. Parallel results had been obtained 
earlier by RANZI, GAVAROSI and CITTE RIO (1961). They observed 
that ribonucleoprotein (RNP) isolated from the heart of mature leghorns 
induced development of muscle fibrils in 8-day embryos whereas, on 
the other hand, RNP from the liver of the leghorn induced development 
of liver cells. It soon became apparent that RNP preparations were 
organ specific: RNP from frog livers is also capable of inducing de-
velopment of liver cells in chorioallantois membranes (CAM). The 
same applied to induction capacity of RNP isolated from frog hearts. 
NIU (1962b) induced liver-like structures in the CAM of 6- to 8-day 
old chicken embryos by placing on them liver RNA-treated hepatoma 
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cells and, moreover, showed that the induced hepatoid plaques growing 
on them, were able to produce liver enzymes. 
In January 1962, an extensive study appeared (WEISBERGER 1962) 
describing modified globin products of immature human erythrocytes 
which had been incubated with ribonucleoprotein preparations isolated 
from human bone marrow with genetic constitutions differing from that 
of the recipient. This modified globin production was dependent on the 
presence of intact RNA and protein in the nucleoprotein preparation. 
He cultured recipient bone marrow cells in sickle cell nucleoprotein 
for only 24 hours and following the methods of KRAUS, made use of 
59ре in uptake studies, investigated hemolysis products electrophore-
tically and applied the "fingerprint" method. 
Other effects of exogenous RNA have also been published. For exam­
ple, MANNICK and EGDAHL (1962) reported that adult mammalian 
lymph node cells may be altered with respect to transplantation immunity 
by incubation with homologous lymphoid RNA obtained from immune 
animals. Moreover, COHEN and PARKS (1964) found that RNA from 
immune mice induced antibody production in non-immunized cells of 
the spleen. That is, RNA isolated from spleen of B6AF 1 mice which 
had been immunized to sheep red blood cells, was incubated with spleen 
celle of non-immunized mice. As a result, the number of antibody-
forming cells detected by the Jeme plaque technique was found to be 
significantly higher in cells incubated with RNA from immune animals 
than among those incubated without RNA or with RNA from non-immune 
animals. 
The publication of IMSANDE and EPHRUSSI (1964) appeared at ap­
proximately at the same time as that of COHEN and PARKS. In at­
tempting to repeat the experiments of NIU (1962 and 1963), these re­
searchers first adapted the glucose-ó-phosphatase method for more 
accurate determinations in small samples of ascites cells. However, in 
spite of the refined assay procedure used, they failed to detect an in-
crease of phosphorus released from glucose-6-phosphate by ascites 
cells which had been treated with liver RNA. This statement is based 
on experiments conducted according to the procedure and with ascites 
cells supplied by NIU. Also in one of the experiments of these authors, 
use was made of RNA prepared and kindly put at their disposal by NIU. 
That is, even with the help of their refined analytical methods, and in 
addition, using the same cell lines and same RNA preparation as NIU, 
IMSANDE and EPHRUSSI were unable to duplicate the results of NIU. 
In the last section of the present review on transformation phenomena 
(section 1.2.4.3 on incorporation), this discrepancy will be analyzed in 
more detail. 
ALEXANDER, KOCH, MOUNTAIN, SPRUNT and v. DAMME (1958) 
reported that RNA from poliovirus (PV) was capable of infecting HeLa, 
human amnion and kidney cells in v i t r o - giving plaques containing 
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complete virus particles which were type specific for PV from which 
the RNA had been isolated. The infectivity of the RNA was abolished 
by RNase, whereas DNase had no effect whatsoever. Even though new 
PV were recovered from these RNA-induced cytopathogenic plaques, 
no viruses were found in the original RNA preparations. This strongly 
suggests that purified PV-RNA provided systems of RNA and protein 
synthesis for the endogenous manufacture of virus-specific protein. In 
agreement with these results KOCH (1963), AMOS (1963) and FRAEN-
KEL-CONRAT (1962) among others found that infection of cell cultures 
with virus RNA produced exactly the same results as those obtained 
with complete virus. Furthermore, TEMIN (1964) was successful in 
demonstrating that a certain degree of homology existed between RNA of 
Rous sarcoma virus (RSV) and DNA of infected host cells - i.e. labelled 
RSV-RNA was homologous with DNA from RSV-infected cells but not 
with DNA from uninfected controls. Thus it was inferred that a new 
species of DNA was created which exhibited homology with virus RNA. 
This homology was later checked by preparing single-stranded host 
DNA and placing it with virus-RNA to determine to what extent they 
combined with each other. 
In summary, the hypothesis is presented that transformation pheno-
mena similar to those known in bacteria occur in animal cells main-
tained in v i t r o . The DNA-mediated transfer of heritable charac-
teristics in v i t r o as reported by KRAUS (1961), without doubt pro-
vides the clearest known example of transformation in animal cells. 
Parallel attempts to produce transformation in v i t r o with RNA, 
however, are also encouraging (reservation is expressed here con-
cerning the RNA transformation experiments of NIU as IMSANDE and 
EPHRUSSI were unable to repeat them). The studies of WEISBERGER 
(1962) using RNP and those of COHEN and PARKS (1964) suggest that 
induced transformation in v i t r o is a possibility; i n d i r e c t confir-
mation of this point involves the effects of virus RNA in cell cultures: 
that is, a new specific protein is synthesized in such a way that the 
added RNA may serve p e r s e in combination with ribosomes as mes-
senger-like RNA. In addition, it has been established that exogenous 
nucleic acids in cell cultures induce secondary, non-transformation ef-
fects with respect, for example, to tumor growth. 
1.2.4 R e s e a r c h on t h e m e c h a n i s m of t r a n s f o r m a t i o n : 
C o n d i t i o n s l e a d i n g to t r a n s f o r m a t i o n 
Since DNA and RNA can serve as transforming agents only if incor-
porated into cells, it therefore seems necessary to examine factors 
underlying their uptake. In research on bacteria a number of conditions 
have been discovered which must be met if incorporation (and conse-
quently transformation) is to occur. Likewise, a partial definition of 
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conditions favoring penetration and incorporation of transforming nu­
cleic acids in animal cells maintained in v ivo and in v i t r o have 
resulted from ingenious experiments begun in 1957. In many labora­
tories, however, the failure to detect transformation in higher orga­
nisms led to doubt if the nucleic acid preparations used were capable 
of penetration and necessitated diverting research attention to improv­
ing the efficiency of uptake and transformation in the cell systems of 
interest. Therefore the question concerning the mechanism of penetra­
tion was largely abandoned. 
In the following subsection different aspects of transformation me­
chanisms will be treated in experiments with bacteria as well as with 
higher organisms. 
1.2.4.1 Competence 
Several necessary conditions which render bacteria competent to 
undergo transformation are listed in the following paragraphs. 
1. In the first place, it seems appropriate to mention that hereditary 
characteristics of certain bacteria account for their refractoriness 
to transformation. If, for example, bacterial strains actively secrete 
extracellular DNase, then DNA-induced transformation would be im­
possible. In contrast with this, however, PAKULA (1963) observed that 
incompetent streptococci were made competent by treatment with an 
extracellular factor, probably a protein, secreted by cells capable of 
transformation. 
KANTOCH et al. (1962) were able to produce sensitivity to virus in­
fection in a genetically resistant mammalian cell line. He cultured virus 
resistant macrophages from C^H mice (nuclease producing) in the pre­
sence of an extract (nuclease inhibiting) from "sensitive" macrophages 
of Princeton mice. In both Ρ AKULA's and KANTOCH's research, trans­
formation was apparently made possible by inactivating extracellular 
nucleases (or other enzymes) without affecting transforming nucleic 
acids. At the present time, other than the work of PAKULA (1963), there 
is little known about this problem in bacteria. In tissue culture systems, 
however, several other pertinent reports may be cited: NORMAN and 
VEOMETT (1961) have conducted research on ribonuclease activity at 
the surface of HeLa cells. These researchers were successful in pro­
ducing depression of RNase activity with the help of hypertonic salt so­
lutions. A similar action on RNase activity is perhaps also the explana­
tion for the results obtained by ELLEM and COLTER (1960 and 1961) as 
well as those of SPRUNT, KOENIG, ALEXANDER and KOCH (1960 and 
1961) in their studies on factors capable of influencing the infectivity of 
Mengo-virus-RNA and polio-virus-RNA respectively on mammalian 
cells in v i t r o . These authors all observed that treatment in hyperto­
nic salt solution before or during incubation with virus RNA enhanced 
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uptake ofthe latter. Also research of the present author concerning the 
effects of yeast RNA on calf liver cells in v i t r o gave parallel results 
and led to a similar conclusion (THIADENS et al. 1963). KOCH (1963) 
also concluded that hypertonic salt solution suppressed extracellular 
RNase activity. He also felt that similar treatment in hypertonic salt 
solutions brought about direct changes in the capacity of cells to incor­
porate substrates in general. On the other hand KOCH (1963) and BOR-
RISS (1964a and 1964b) observed only a very slight adsorption of 32p_ 
labelled poliovirus-RNA by amnion cells suspended in hypertonic cul­
ture medium, whereas parallel experiments using the plaque test or 
assay methods of Dulbecco revealed 1.000 times as many plaques, at 
given RNA concentrations in hypertonic solutions as those obtained in 
isotonic media. KOCH (1963) finally reported that a rapid RNA invasion 
in cells was dependent on the occurrence of a hypertonic to isotonic 
transition in culture media. That is, during this transition, the cells 
take in liquid and, according to the reasoning of KOCH, could carry 
RNA with it. 
A second kind of genetically determined condition involves the nature 
ofthe cell wall. For example, in a cell surrounded by a mucoid capsule 
or polysaccharide, suchas found in pneumococci and of course in plant 
cells with their cellulose or lignin cell walls, the penetration and trans­
formation effects of nucleic acids might be hindered. ANAGNOSTO-
POULOS and SP1ZIZEN (1961) expected on the basis of their experi­
ments a structural change in the cell wall of В a c i 11 us s u b t i l i s . 
(They studied the transformation frequency during the different phases 
of growth.) 
2. Besides these inherited conditions there are a number of environ­
mental or microecological factors which might influence cells or 
individuals to be transformed. In research on the possibility of trans­
formation in v ivo it has already been mentioned that transforming 
agents can easily be diluted in the blood stream and also be depoly-
merized by serum nucleases. In some cell cultures there are several 
known chemical factors, for the first time investigated by MCCARTHY 
et al. (see RAVIN 1961) in 1946 in bacteria, which apparently potentiate 
transformation processes. For example, polyphosphates to the extent 
that they complex the ions which hinder effective contact between trans­
forming DNA and recipient bacterial cells, whereas also the presence 
of albumin and other proteins in the media apparently stimulate trans­
formation in pneumococci. 
It is interesting to note that many researchers using tissue culture 
have found a correlation between presence of macromolecules (e.g. 
albumin) and potentiation of DNA- or RNA-induced transformation. 
For example, BECKER and GREEN (1960) observed that protamines 
and histones were able to penetrate Krebs' ascites cells of the mouse 
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and combine with their nucleic acids very rapidly. KING and BENSCH 
(1960 and 1961) solved the problem of bringing unaltered DNA mole-
cules into cells by coating them with gelatin. They specifically observed 
that DNA isolated from melanoblasts of Harding-Fassey mice or also 
from sarcoma-180 cells and subsequently coated with gelatin was 
quickly phagocytized by L-fibroblasts. The observed coated particles 
fluoresced after acridine-orange staining, were Feulgen positive and 
when tritium-labelled were found to be localized in the cytoplasm as 
well as in the nucleus. Similarly, COGITO et al. (1962) were able to 
show that mammalian cells incorporated nucleic acids more readily 
when bound to protein than when in free form. This artificial nucleo-
protein was also found to resist the hydrolytic action of HeLa cell nu-
cleases. In a parallel experiment, the same authors found that RNA 
combined with methylated serum albumin was also resistant to hydro-
lysis by nucleases, both in v ivo and in v i t r o - the only agents found 
effective in producing dissociation of nucleic acids (especially RNA) 
from protein were inorganic ions. SMULL et al. (1961) found that en-
hancement of enterovirus-RNA infection was better achieved with his-
tones (HOLOUBEK, 1962) than by hypertonic salt solutions, there was 
less damage to cells. 
Also AMOS and KEARNS (1963) observed an enhancement of RNA up-
take when this molecule was accompanied by protamine sulfate and 
BORRISS (1965a) demonstrated that protamine facilitated the entry of 
exogenous RNA into cells - the basic nucleoprotein suppressed the ac-
tion of RNase and quickly entered the cell. In studies concerning the 
influence of protamine sulfate on RNA penetration YOON (1965) found 
that short pretreatments in the basic protein (60 minutes) resulted in 
only a slight enhancement of RNA incorporation whereas, on the other 
hand, enhancement was unmistakable after 120 minutes. 
Since nucleic acids are more easily incorporated when protein bound 
than when alone and since protein bound nucleic acids are resistant to 
nuclease digestion, there may be a substantial chance that such com-
plexes are able to bring about transformation of mammalian cells in 
v i t r o . If so, the function of this nucleic acid would probably depend 
on its being freed from the protein. See experiments of WEISBERGER 
(1962) who used RNP. (See 1.2.3.2.) 
3. A third category of conditions necessary for induction of transfor-
mation involves the physiological condition of the cells to be treated. 
It is apparent, for example, that during the cell cycle or life history 
of an organism, the interval of effective competence (that is, the period 
in which the cell is capable of making effective contact with t rans-
forming DNA) can be very short. The length of this interval is closely 
associated with the manner in which DNA penetrates the cells - a sub-
ject considered in more detail in the next subsection. 
28 
YOUNG and SPIZIZEN (1961) found that the period of competence for 
B a c i l l u s s u b t i l i s was limited to the second half of the logarhithmic 
growth phase. Furthermore, during this period of time, transformation 
in B a c i l l u s s u b t i l i s line 168from indol dependence to prototrophy 
was qualitatively correlated with irreversible incorporation of DNA. In 
the same series of experiments YOUNG and SPIZIZEN found that several 
environmental factors in the culture medium were able to bring about 
quantitative changes in this relationship between DNA uptake and trans-
formation. These authors furthermore found that the incorporation and 
transformation frequency were directly dependent on the duration of 
exposure to transforming DNA. Finally they reported that a typical 
dose-response-relationship existed between amount of DNA added and 
the frequency of transformation. FOX (1957) found that the fraction of 
cells in a culture undergoing transformation was a direct function of 
the amount of 32p_DNA incorporated into cells - even when the dura-
tion of incubation, DNA concentration and calcium ion concentration 
were varied. 
LE RM AN and TOLM ACH (1957) confirmed the data of FOX. Further-
more RAVIN (1961) reported that the number of bacteria in the ino-
culum used in test media as well as incubation temperature both exerted 
influences on the rate of transformation. In connection with the possi-
bility of producing synchrony in cell division by temperature shocks, 
and thereby initiating a series of recurrent peaks in competence, this 
research of RAVIN suggests even more strongly that the interval of 
greatest competence in the life history of the cell corresponded to a 
certain stage of cell division. The data of YOUNG (1961) cited above 
suggest the same conclusion. 
YOON (1965) described the effects of several factors on the incor-
poration of RNA into Nelson's ascites cells. These included, for exam-
ple, the incubation time, concentration of cells to be treated, tumor age 
and temperature. In his experiments he used RNA from liver, kidney 
and spleen of Swiss Webster albino mice. Most of the RNA incorporated 
into Nelson ascites cells at 80C was found resistant to either repeated 
washings, or "leakout" or RNase. All the test series showed a gradual 
increase in the RNA incorporation coincident with longer incubation 
time. The higher concentration of RNA during incubation produced an 
increased incorporation. There was also observed a steep increase in 
RNA incorporation with increase in the cell concentration. 
BORRISS and KOCH (1964) also reported that incorporation depended 
on the physiological condition of the cell. They observed that the maxi-
mum adsorption of poliovirus-RNA in amnion resp. HeLa cells in sus-
pension cultures is reached after 12-14 minutes and 20-22 minutes 
respectively. However they observed considerable variation among 
experiments. 
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4. The relationship between interferon and transformation 
ISAACS (1963) hypothesized that interferon, a protein of low mole-
cular weight, protected the cell against exogenous nucleic acids as 
they entered the cell. It is also well known that interferons inhibit virus 
replication. GLASKY, SIMON and HOLPER (1964) reported that one 
of the primary mechanisms enabling organisms to defend themselves 
against virus infection is the production of a substance in the infected 
tissue which interferes with the multiplication of the virus (interferon). 
Also the knowledge that interferon protects against the whole virus as 
well as its RNA has led to the tentative conclusion that its action is 
not attributable to blocking of virus penetration or uncoating of the 
nucleic acid but, as postulated by TODARO and BARON (1965), to a 
suppression of virus particle replication. Cells exposed to interferon 
prior or immediately subsequent to the period of virus adsorption were 
protected against the transformation effect of the virus. TODARO and 
BARON concluded that interferon erected an intracellular block against 
an event essential for virus-induced transformation. It seems possible 
that, in the future, the interferon will be considered a natural protec-
tion of the cell against exogenous nucleic acids and therefore against 
transformation. This protection would of course involve an induced mo-
dification in the genetic expression of the recipient cell to the extent 
determined by the endogenous nucleic acid code. 
1.2.4.2 Penetration 
Aside from the question of how many DNA and RNA molecules are 
necessary to induce a detectable transformation in bacteria, the pro-
blem of whether the transforming nucleic acids actually enter the r e -
cipient cell in t o t o is also pertinent. In any case the genetic infor-
mation introduced by the transforming molecule must be integrated 
into the genome of the host cell in such a way that the code transferred 
by DNA molecules can be replicated. Furthermore, it is necessary that 
the metabolism of the transformed cells becomes changed in such a 
way that (the transcription of) the code which is introduced can undergo 
a translation (either at the molecular or cellular level) resulting in a 
new phenotype. As in the case of DNA, it is equally evident that RNA 
must remain functionally active if it is to produce transformation; 
therefore positive correlation between treatment with an exogenous 
nucleic acid and a resulting transformation may be taken as a criterion 
that this nucleic acid remained mainly intact. Possible mechanisms 
responsible for maintaining RNA intact after penetration will be con-
sidered in hypothetical form at the end of the following subsection (on 
incorporation). 
In view of the points made in the preceding paragraph, an examina-
tion ofthe types of modification produced in cells treated with exogenous 
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DNA or RNA might be expected to reveal whether these molecules r e -
main whole, or nearly whole, after being incorporated. One such modifi-
cation consists of a specific transformation phenomenon involving 
transfer of hereditable characteristics. Besides this, a number of se-
condary phenomena can also take place. Among these are, for example, 
the capacity of RNA to directly induce the synthesis of specific proteins 
(WEISBERGER 1962, COHEN and PARKS 1964), (possibly) to inhibit 
tumor growth (NIU 1960, AKSENOVA et al. 1962 and DeCARVALHO 
1961), to influence cell growth in general, and either nucleic acid (RNA) 
itself or perhaps its degradation products may even exert a nonspecific 
influence on cell metabolism. An entirely different type of secondary 
effect also includes that of RNA in learning experiments. HYDEN and 
EGYHÁZI (1962 and 1963) observed that treatment with exogenous RNA 
not only produced a change in total endogenous RNA per Deiters neuron, 
but that it simultaneously brought about a change in base composition 
in these nerve cells during a learning experiment in rats. HYDÉN and 
EGYHÁZY emphasized the fact that RNA metabolism is an important 
parameter in neuronal function. Even so, changes in base composition 
of nuclear RNA in cells involved in learning experiments do not neces-
sarily mean that these nucleic acid molecules constitute permanent 
memory storage units. It seems, however, substantially established 
that the addition of RNA - even yeast RNA - might be able to exert an 
influence on the memory (DINGMAN and SPORN 1964). 
The discussion in the following paragraphs is intentionally limited 
to those effects of nucleic acid on animal cells in v i t r o which are 
analogous to transformation in bacteria - even though the detection of 
transformation phenomena in higher organisms is more difficult than 
in micro-organisms, in that one transformed bacterium can easily 
develop into a clone of transformed cells. The last point is the reason 
for the hesitancy of many research workers in accepting the reports 
that nucleic acids could actually be incorporated into cultured animal 
cells. Finally, the criterium here considered diagnostic of transforma-
tion is whether a new specific characteristic becomes apparent after 
treatment in nucleic acids and whether it subsequently survives several 
cell generations (section 1.2.2.2). In this paragraph the possibility of 
nucleic acids penetrating cells is treated to the extent that it occurs 
in bacteria used in transformation studies. 
Again it is emphasized that a single DNA-molecule is capable of in-
ducing transformation in a competent bacterium which can divide to 
produce an entire colony of transformed cells. In practice, incubation 
of bacteria with high concentrations of DNA results in cultures in which 
all of the cells become transformed (RAVIN 1961). In cultures contain-
ing less DNA, the frequency of clones consisting of transformed bac-
teria is a direct linear function of DNA-concentration (LERMAN and 
TOLMACH 1957). 
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Furthermore it has been demonstrated by HOTCHKISS (see RAVIN 
1961) that the interval in which competent bacteria establish contact 
with the transforming agent can be very short. This last finding is 
easily checked by taking different samples from competent bacterial 
cultures, mixing them with DNA and after that treating them at selected 
time intervals with DNase. If the DNase and DNA are added simulta-
neously, no transformation is induced; but even when DNase is added 
only 10 seconds after the DNA, it fails to block transformation com-
pletely. 
Another factor related to penetration involves whether the whole DNA 
molecule penetrates the bacterium or whether only a part of it is in-
corporated. This problem is especially important in view of the diffi-
culty with which it can be submitted to experimentation in higher or-
ganisms. By use of radioactive isotopes, LERMANandTOLMACH (1957) 
and FOX (1957) have demonstrated that DNA can be incorporated, while 
MARMUR and LITT (1958) and DOTY (1961) have shown that the fre-
quency of transformation depends on the molecular weight of the DNA. 
In studying the influence of bovine DNA on chick fibroblast cultures, 
FRÉDÉRIC (1962)discovered that the effect of sonicated DNA was dif-
ferent from that obtained with untreated DNA. 
Also WILCZOK (1962), in an autoradiographic investigation on the 
incorporation of heterologous DNA in Novikoff hepatoma cells, found 
that the amount of DNA taken up was dependent on its degree of poly-
merization. Sonicated DNA was less efficient in producing transforma-
tion - it is possible that this treatment damaged the DNA. BARNHART 
and HERRIOT (1963) investigated the factors which influence the uptake 
op 32p_iabelled transforming DNA in competent H a e m o p h i l u s i n -
f l u e n z a e and likewise found that the degree of polymerization was 
important for the incorporation of DNA. At the same time they dis-
covered a strict dependence of DNA-uptake on host cell metabolism. 
The interrelationship between molecular weight and adsorption to 
the cells as a first step in the process of transformation has also been 
recorded for RNA by BORRISS and KOCH (1965) and YOON (1965) who 
worked respectively with suspension cultures of amnion cells and Nelson 
ascites cells. In DNA mediated transformations, it is known that the 
length of the DNA molecule determines whether it will be taken up by 
bacteria, even though the segment of the molecule which transfers the 
genetic information can be much smaller. 
There are, at present, two hypotheses accounting for the manner in 
which transforming nucleic acids penetrate bacteria and/or cells. The 
first states that several loci are positioned at the bacterial cell mem-
brane which, at certain times during the life cycle, for example during 
division, are free from cell wall material and therefore permeable to 
DNA. The second hypothesis postulates the existence of enzymes at 
the bacterial cell surface which tend to bind DNA selectively - thus 
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exaggerating the adsorption potential at the cell surface (ANAGNOS-
TOPOULOS and SPIZIZEN 1961 and PAKULA and WALCZAK 1963). 
It does not seem unreasonable that both mechanisms could be opera­
tional. At any rate, the dependence of incidence of transformation on 
DNA or RNA concentration and/or temperature, suggest a possibly 
enzymatic process (FOX 1957, LERMAN and TOLMACH 1957, SPIZI­
ZEN 1959, YOUNG and SPIZIZEN 1961, WILCZOK 1962 and SIROTNAK 
and HUTCHISON 1959). Even so, the first hypothesis is difficult to 
understand in that it demands a non-specific permeability - a condition 
notexpected in view of the direct dependence on molecular weight. On 
the other hand, the second hypothesis is unattractive in that it implies 
the synthesis of an enzyme which is non-dependent on the presence of 
an abnormal substrate - i.e. in the remote expectation of eventually 
encountering the corresponding substrate. 
Comparable conclusions concerning the uptake of RNA in mamma­
lian tissue cultures are discussed by BORRISS and KOCH (1964a, 1964b 
and 1965b) and YOON (1965). 
SIROTNAK and HUTCHISON (1959) investigated DNA uptake in mouse 
lymphoma cells in order to determine if they were susceptible to trans­
formation (i.e. they concentrated their efforts on incorporation, con­
sidering it as fulfilling the first requirement in production of a trans­
formation). They found that incorporation of 32p_labeled DNA was de­
pendent on the concentration, duration of incubation and on the absence 
of extracellular DNase. When labeled DNA was pretreated with DNase, 
there was no net incorporation of the label. Similar results were re­
corded by GARTLER (1959) who used 3H-thymidine-DNA in uptake 
studies with cells of Henle. After an incubation period of one hour, it 
was found that 0,3-1,2% of the DNA had been incorporated. However, 
he was not able at that time to determine whether the DNA molecules 
were incorporated in t o t o or as completely or partially degraded 
subunits (GARTLER, 1960). CHORAZY and his co-workers (1960 and 
1963) found that Ehrlich ascites cells in v i t r o absorbed Зн-DNA as 
whole molecules, or at least as large fragments. In 1962, CHORAZY 
was able to show that the radioactivity of intracellular DNA was de­
rived from labeled exogenous DNA. Moreover he stipulated that the 
incorporated label was not attributable to non-polymerized nucleo­
tides. The results of HILL (1961) did not reveal whether DNA was taken 
up as the intact molecule or as fragments. KAY (1961) stated that in­
corporated DNA was either unaltered or at least still highly polymer­
ized. Likewise, even though BORENFREUND (1961) was able to observe 
a quantitative relationship between DNase pretreatment and suppres­
sion of labeled DNA incorporation into nuclei of HeLa cells, he failed 
to determine with certainty if the penetrating DNA remained whole or 
whether degradation followed by repolymerization of the fragments 
occurred after incorporation. As indicated by this author, this last 
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question might be settled by incubation of pneumococci with DNA de­
rived from HeLa cells which, in turn, had been incubated with labeled 
pneumococcal transforming DNA. 
RIEKE(1962), in describing pinocytosis of labeled DNA, discovered 
that in depolymerized form it exerted less effect than when macro-
molecular and therefore tentatively concluded that the DNA was taken 
up in relatively intact form. 
SCHIMIZU et al. (1962) reached the same conclusion. Their experi­
ments involved re-extraction of DNA from nuclei which had been iso­
lated from cells incubated with exogenous DNA. RABOTTI (1963) (who, 
as he indicated in this publication, was under the impression that trans­
formation of mammalian cell strains by isologous and heterologous nu­
cleic acid preparations had not been demonstrated) was unsuccessful 
in attempting to determine whether DNA maintained its molecular weight 
after entering the host cell. ADAMS, MARTIN and POMERAT (1965), in 
their research on uptake of salmon sperm DNA by HeLa cells during 
various phases of the cell cycle, found by using auramine О for detec­
tion, that only 6% of the total offered DNA was taken up during the post 
mitotic growth phase and synthetic phase (both high and low polymeric 
molecules gave similar results). However, their method was not suf­
ficiently sensitive to permit detection of small amounts of incorporated 
DNA. 
SMETS (1965) stated in his study about the effect of ionizing radiation 
ontheDNA-metabolismincalf liver cells that it seems likely that iso­
logous DNA was incorporated in macromolecular form. 
In the meantime the first publications appeared on DNA- and RNA in­
duced transformation in mammalian cells maintained in v i t r o . These 
experiments supplied compelling evidence that transforming molecules 
were able to penetrate cells without being totally degraded enzymatically 
or undergoing functional inactivation. 
Virus studies, for example, may be included among these publica­
tions. In this case, cytopathological modifications as well as the devel­
opment of virus particles identical with those from which the RNA had 
been extracted, proved that invasion and incorporation had taken place. 
However, the mechanism of virus or virus-like nucleic acid penetration 
into mammalian cells in v i t r o at the present time is not completely 
elucidated. In the case of DNA, BENSCH et al. (1964) and RIEKE (1962) 
suggested uptake by means of pinocytosis. According to their conclu­
sions, particulate DNA-protein coacervates were digested immediately 
after being phagocytized by L-strain fibroblasts in suspension culture 
in contrast with results of KING and BENSCH (1960, 1961). (No such 
phenomenon has been observed for ribonucleoprotein complexes, cfr. 
1.2.4.1). 
RIEKE (1962) showed that the reutilization of DNA in lymph cells oc­
curred only when they were maintained in direct contact with sarcoma 
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cells. On the basis of the failure to observe frequent phagocytosis of 
large amounts of DNA, he came to the tentative conclusion that incorpo­
ration probably was accomplished by pinocytosis. 
CHORAZY et al. (1963) observed that even whole chromosomes could 
be taken by mammalian cells. HARRIS (1965) described the behavior of 
cell nuclei in heterocaryons made by "crossing" differentiated somatic 
cells in v i t r o . According to this author, these nuclei were able to re­
sume their RNA or DNA synthesis if they were incorporated into the cy­
toplasm of a cell which normally synthesized RNA and DNA. In this rela­
tion the research of HORIKAWA (1963) on ingestion of spleen cells by 
L-fibroblasts (both mammalian strains) maintained in v i t r o is of 
interest. After the Зн-DNA of ingested spleen cells was digested by 
cytoplasmic L-cell DNase, HORIKAWA showed that label appeared in 
host cell nuclei and on the basis of further tests, concluded that this 
label represented either high or low polymeric DNA. 
A few recent publications have focused attention on the possibility 
of RNA molecules penetrating mammalian cells. For example, AMOS 
(1963), BORRISS and KOCH (1965b) and YOON (1965) all indicated that 
at least a small fraction of exogenous RNA entered the cells in un-
degraded form. SCHWARZ and RIEKE (1962) concluded that macro-
molecular RNA was partially degraded before or after incorporation. 
However, AMOS (1962) concluded that at least some of the RNA was 
incorporated as whole molecules - a conclusion inferred from the 
finding that chick embryo fibroblasts exposed to bacterial RNA, syn­
thesize polypeptides antigenically related to bacterial protein. That 
RNA is able to penetrate more efficiently following protamine treat­
ments of the cells may be deduced from the observation that a reduced 
amount of this nucleic acid is capable of stimulating protein synthesis 
in the presence of protamine (AMOS 1963). BORRISS and KOCH (1965b) 





e (i RNA, isolated from Ehrlich 
ascites tumors remained bound to amnion cells in suspension cultures 
after RNase treatment. Only 10% of this - that is 0.5% of the original 
concentration - was recovered in original macromolecular form. These 
values could probably be elevated if a complete blocking or removal of 
added RNase became possible. On the basis of these observations: 1) 
that RNA was not split extracellularly and 2) that, in spite of this, in­
corporated RNA recovered from cells without recourse to RNase treat­
ment occurred in degraded form, BORRISS and KOCH proposed the 
existence of an active intracellular RNase. Of the RNA molecules pene­
trating, therefore, only a very few remain undegraded in the cells. On 
the other hand, YOON (1965) demonstrated that treatment of Nelson 
ascites cells with RNase after incubation in 32p_i
a
beled RNA from 
liver, kidney and spleen failed to produce a pronounced effect, and 
therefore concluded that a high percentage of this nucleic acid was in­
corporated intact. MALPOIX (1964) showed in his study on the effects 
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of exogenous RNA on the differentiation of hematopoietic tissue in· 
chick embryos, that the RNA molecules may only penetrate the cell 
under conditions favouring pinocytosis. On the basis of these experi-
mental data it can be tentatively concluded that at least a part of the 
exogenous RNA is incorporated in non-degraded form. Furthermore, 
assuming the correctness of the premise that foreign RNA is functional 
in the host cell, the question concerning a more accurate definition of 
the function of this exogenous RNA still remains. 
1.2.4.3 Incorporation 
Incorporation of exogenous DNA in bacteria is reasonably well under-
stood. For example, there are many known instances in which foreign 
DNA, after penetration, apparently enters into a kind of homologous 
association with endogenous helices to produce heritable recombinant 
DNA. Subsequent multiplication of a bacterium containing such "cross-
over" DNA can result in an entire recombinant clone. That is, according 
to known data, all cells in this clone maintain, in DNA replica form, 
genetic information which originally belonged to the donor line. Since 
there are evidently recipient loci homologous with exogenous DNA, the 
modified phenotype observed may be considered a consequence of in-
teraction between recipient and donor codes, and not a simple gene 
addition (seeTAYLOR 1949).Other information pertinent to incorpora-
tion of DNA transforming agents in bacteria are briefly listed as fol-
lows. 1) Under favorable environmental conditions, added DNA can pro-
duce the modified phenotype in the infected cell very shortly after pene-
tration. 2) Recombinative crossing-over occurs during transformation 
and before replication of the introduced genetic characteristics. 3) Only 
a small proportion of the transforming molecule becomes incorporated 
into recipient DNA helices even though 4) the intact molecule appears 
to be essential for establishing effective contact between donor and re -
cipient strands and for penetration p e r s e . 5) It is becoming increas-
ingly apparent that certain bacterial species are less easily transformed 
by DNA from distantly related species than by autologous molecules 
(see SPIZIZEN 1959). The lower efficiency of transformation in the 
former case is probably best attributed to a structural mis-match be-
tween endogenous and heterologous DNA - a phenomenon referred to 
by RAVIN (1961) as a pairing incompatibility of endogenous and exo-
genous DNA molecules. 6) A final characteristic of transforming DNA 
in bacteria was reported by FOX and ALLEN (1964). These authors 
were able to demonstrate that fragments of the transforming mole-
cules were inserted directly into the genome of the recipient bacteria 
( D i p l o c o c c u s p n e u m o n i a e ) . According to them, transforming 
DNA extracted from recipient bacteria prior to replication is hybrid, 
with the foreign molecule being covalently linked to DNA of recipient 
bacteria. 
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In parallel experiments with higher organisms it has been shown that 
heterologous DNA induces higher frequencies of chromosomal aberra-
tions than homologous DNA (KARPFEL et al., 1963). The last author 
gave intraperitoneal injections of homologous spleen DNA and hetero-
logous DNA from rat spleen and calf thymus and based conclusions on 
the resulting chromosomal aberrations in bone marrow. 
Effects revealing RNA incorporation in bacteria are unknown. In 
other systems, however, several reports are presenting compelliing 
evidence that exogenous RNA transfers specific information to diverse 
subcellular systems, NIRENBERG (1961). WEISBERGER (1962) de-
monstrated that foreign RNA specifically evokes the type of protein 
synthesized in the host cell. Similarly, NIU (1963) found that liver RNA 
stimulated the biosynthesis of liver-specific enzymes in cells which 
previously did not produce them. Once a specific enzyme synthesis 
was induced, it began to increase in concentration whether the 
inducing RNA was present or had been removed from the cell culture. 
For example, maintenance and even the increase in tryptophane-pyr-
rolase and glucose-6-phosphatase biosynthesis in mouse ascites cells 
in absence of the RNA-inducer, suggested that the code originally in 
the exogenous RNA is duplicated. This type biosynthesis is probably, 
then, the consequence of the exogenous RNA being replicated at the 
gene or cytoplasmic level in host cells - alternatively it might be attri-
butable to changes at both levels. The efficacy of exogenous RNA in 
producing transformation was further suggested by the results of NIU 
(1963) who observed that this molecule was not broken down after its 
incorporation into cells and furthermore, that it served as a template 
for replication. An indirect confirmation that RNA serves as a template 
for replication was provided by the same author in studies with 5-aza-
uridine. This molecule suppressed the synthesis of tryptophane-pyrrol-
ase and of glucose-6-phosphatase in transformed ascites cells - a r e -
sult possibly attributable to the replacement of normal uridine with 
5-aza-uridineintheneosynthesized RNA. That is, because of this ana-
logue, the newly synthesized RNA appeared unable to function as a 
template for the production of a specific enzyme ordinarily encountered 
in ascites cells after incubation with exogenous liver RNA. The exo-
genous RNA is here comparable to virus-RNA or to messenger-like-
RNA (TATUM 1964). Other reports suggesting RNA-induced synthesis 
of specific enzymes are those of AMOS (1962) and TEMIN (1964). 
The last author found that infective Rous sarcoma-RNA is, to a certain 
degree, homologous with DNA extracted from cells which had been in-
fected with Rous sarcoma virus. In chick embryo fibroblast cultures, 
the first author observed the induction of a protein antigenically r e -
lated to the bacterium producing it (E.coli). Thus, in addition to being 
able to infect cells, virus RNA can also initiate resynthesis of whole 
virus particles in cytopathogenic centers (ALEXANDER and KOCH 1958) 
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-a conclusion suggesting that exogenous RNA is comparable with mes­
senger-like RNA. In this connection, AMOS and MOORE (1963) demon­
strated that active RNA fractions reversed actinomycin D inhibition of 
protein synthesis. Again, "such an RNA-induced recovery of protein 
synthesis speaks in favor of a messenger function of this exogenous 
nucleic acid". 
The primary fact of exogenous RNA incorporation may be association 
with polyribosomes - a type of binding possibly contributing to its 
structural integrity. RICH, in 1963, mentioned that messenger-RNA 
exhibited a base composition which corresponds to that of the DNA of 
the cell (suggesting that it receives the genetic code from the cell 
nucleus) and it is generally accepted that specific RNA types are con­
stantly resynthesized in response to cell needs. With the parenthetical 
statement as background, the literature reports supporting this state­
ment concerning binding of polyribosomes with exogenous RNA can be 
presented. These include, among others, the demonstration of ELIAS-
SON (1965) that messenger RNA for arginase might be stabilized in 
Chang liver cells. Further details were provided by BONT, REZELMAN 
and BLOEMENDAL (1965), who discovered a RNase (1 μg per incuba­
tion mixture) -sensitive, high molecular weight factor in the superna­
tant of liver polyribosomes which stabilized the structure of the latter. 
If a polyribosome can be considered a cluster of ribosomes held to­
gether by messenger-RNA (the latter carrying the code for specific 
protein synthesis, see RICH, 1963 and GROS, 1964) then these results 
of BONT et al. (1965) might be judged an indirect confirmation that 
messenger-like-RNA can be stabilized (this stability is possibly at­
tributable to a ribonuclease inhibitor). Similar evidence showing that 
virus-specific protein is formed under the influence of incorporated 
virus RNA, suggests that the latter also functions as a kind of mes-
senger-RNA in the polyribosomal structure (RICH 1963). Supposedly 
its code would be read by transfer RNA, "translation". Another primary 
site of exogenous RNA incorporation might be recipient DNA or cell 
sap. It is known that virus-RNA, as the virus itself, is capable of 
rapidly bringing about its own replication as well as synthesis of virus 
protein in the host cell (KOCH 1965). On the other hand, the possibility 
that the code for the synthesis of the virus protein is initiated a priori 
by the host nucleus was eliminated by TEMIN (1964). This author show­
ed that the provirus consisted of intimate and stable c o m b i n a t i o n 
between viral RNA and a homologous region of host DNA. 
Although it is difficult to make a definite judgment concerning the 
data above on the messenger-like nature of exogenous RNA, the writer 
feels that the evidence thus far accumulated is not completely unambi­
guous. That is, the evidence that RNA, whether viral (TEMIN 1964, 
BORRISS and KOCH 1965a and 1965b) or cellular in origin (WEISBER-
GER 1962 and COHEN and PARKS 1964) is capable of inducing trans-
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formation-like-phenomena in v i t r o considered together with the 
possibility that exogenous RNA enters cells intact (AMOS 1962 and 1963, 
NIU 1963, BORRISS and KOCH 1965b and YOON 1965) leads to the con-
clusion that exogenous RNA in host cells might function as a stabilized 
messenger-like RNA. However, until the process of virus infection is 
more completely defined in all its phases, it remains impossible to 
determine completely whether exogenous RNA which enters the cell 
indeed functions as a stabilized messenger-like RNA. 
An unsolved problem concerning induction of enzyme synthesis by 
exogenous RNA is that NIU (1961, 1962, and 1963) and IMSANDE and 
EPHRUSSI (1964), in working with the same material, obtained conflict-
ing results. Can these dissimilar results be ascribed to variations in 
physiological conditions in the cells (in which connection, for example 
BORRISS and KOCH, see references 1964a, and b, repeatedly noticed 
variation in the absolute number of PV-RNA molecules adsorbed in 
their suspension cultures), or, on the other hand, could it be traceable 
to a specific interferon which suppresses the replication of RNA? In 
this case we must wait for new experiments which further define the 
exact function of the interferon. Recently NIU (1965) has re-examined 
the glucostat method for measurement of glucose released by glucose-
6-phosphatase. According to him, it is accurate and sensitive enough 
for measurements in mouse ascites cells. In seven different experi-
ments he found that treatment with liver RNA led to an increase in 
enzyme activity amounting to 125 - 200%. However, from observation 
of his plots it is clear that the absolute amounts of glucose released 
by the glucose-6-phosphatase activity in control and treated mouse 
Nelson ascites tumor cells were the same after 60 minutes and also 
after 40 minutes incubation - the only cause underlying the differences 
between experimental and control slopes is the occurrence of dissimilar 
concentrations of glucose at zero time. In this regard, NIU also stated 
that the glucose absorption at zero time is apparently attributable to 
free glucose carried over with the substrate (glucose-6-phosphate) and 
homogenate - the amount of glucose absorption background being de-
pendent on the condition of the mouse from which the ascites cells were 
obtained. A more successful demonstration of an induced enzyme syn-
thesis might be obtained by repeating the experiment in such a way 
that the amount of glucose at time zero in the controls remains equal 
to that in the expérimentais. A third point mentioned was that his con-
trols contained much higher levels of glucose-6-phosphatase activity 
than he found in 1962. It was for these reasons that NIU resorted to 
measuring the enzyme activity from the linear slope of the glucose 
absorption vs. time curves in order to obtain indices of enzyme ac-
tivity. Therefore, this recent (NIU 1965) report casts doubts on the data 
he reported in 1962 and 1963 - especially in view of a virus infection 
observed in his mouse colonies in 1963 and again in the summer of 
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1964. The relatively high enzyme activity in his controls (1965) in con-
trast with that measured in 1962, leads to serious doubts as to whether 
his data demonstrate a true RNA mediated induction of protein synthe-
sis, and it is here proposed that his results might be explained on the 
basis of non-specific activation of protein synthesis. One other point 
bearing on this problem is that AMOS and MOORE (1963), in their stu-
dies on RNA-induced resumption of actinomycin D blocked protein syn-
thesis in primary chick embryo fibroblast cultures, came to the con-
clusion that the observed effects were independent of the source from 
which different RNA's were extracted. In studies on RNA incorporation 
into Nelson ascites cells YOON (1965) came to the same conclusion. 
Likewise, parallel secundary effects of heterologous and homologous 
RNA have been observed in comparative studies on the suppression of 
tumor growth. (Also, in the present research, a similar non-specific 
effect of RNA has been observed: a percentage increase in protein 
content and growth rate of calf liver cells after incubation in yeast 
RNA). Apparently the transforming efficiency of incorporated RNA 
which is heterologous but from phylogenetically homologous organs is 
comparable with that produced by homologous RNA (YOON 1965). This 
result suggests that organ specificity prevails over species specificity. 
1.3 DISCUSSION 
RIEGER and MICHAELIS (1958) defined transformation as transfer 
of g e n e t i c information by means of exogenous DNA; they stated that 
it was one of three possible means of nucleic acid mediated trans-
fer of information between cells. 
This definition was based on experiments with bacteria in which the 
recipient bacteria can assume certain characteristics of the strain 
from which the transforming DNA molecule was originally isolated. 
For the first time it was demonstrated, that DNA can be visualized as 
the molecular structure carrying the - coded - genetic message. In 
principle, it was anticipated that, alongside the genetic map, not only 
a chromosome-map, but even a DNA-map could be constructed in time. 
In subsection 1.2.4.3 has been described how the incorporation of 
exogenous DNA must be understood on the molecular level. 
FOX and ALLEN (1964) reported that fragments of the transforming 
molecules were inserted directly into the genome of the recipient bac-
teria ( D i p l o c o c c u s p n e u m o n i a e ) . Therefore, the modified phe-
notype observed in the transformed clones may be considered as a 
consequence of interaction between recipient and donor codes, and not 
as a simple gene addition (RAVIN, 1961). 
It is clear from the survey of literature, that the classical definition 
of transformation has been broadened de f a c t o to include all infor-
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mation transfer mediated by exogenous nucleic acids. In recognition 
of this trend, subsection 1.2 was headed as: a historical review of in 
vivo and in v i t r o transformation p h e n o m e n a in animal cells; 
also those experiments were included where the classical definition 
of transformation could not be applied, because the gen et i c a l as-
pects of the information transfer were not considered. 
If genetics be defined as the science, which studies the rules gov-
erning the transmission of properties from parents to - sexually pro-
duced - offspring, then it follows that only by hybridizing it can be 
established if a given trait is hereditary, i.e. recurring - in interplay 
with the environmental factors - in subsequent generations according 
to specific rules. Therefore, the proof that a transformation has taken 
place after treatment with exogenous DNA, can only be given by hybri-
dization experiments. However, right from the beginning, it was only 
established, that the a s e x u a l l y produced offspring of the treated 
bacteria carried characters derived from the DNA donating strain; 
nevertheless, transformation was considered to have taken place 
The treated cells "have undergone a stable alteration in their geno-
type, and the new phenotype is expressed through many generations." 
(LEVINE, 1962). 
That the strict definition of RIEGER and MICHAELIS must be changed 
into a looser one becomes still more clear, if one speaks about trans-
formation 1) in animal cells in vitro or 2) by means of RNA. 
Ad 1. If after incubation with DNA a change in the "phenotype" of the 
culture is unequivocally established, how can the hereditary cha-
racter be determined without hybridizing? Animal cells in culture only 
proliferate by means of mitotic divisions. Moreover; how can the ef-
fect of the DNA be distinguished from a mutation? In that case there is 
no transfer of information, but only a change of the endogenous DNA 
already present. 
Ad 2. If transformation is restricted to effects of DNA, then it is im-
possible to apply this term to effects produced by RNA. 
Therefore we have conceived transformation in a much broader sense 
as: nucleic acid-mediated information transfer detectable in phenotypic 
changes of cells which remain stable during subsequent mitotic gene-
rations. Thus transformation research finds its place alongside many 
others about information transfer in molecular biology. 
Still a number of points requires further discussion. In the first 
place, what are phenotypic changes? Many people have sought to es-
tablish the occurrence of single (enzyme) proteins after treatment 
with nucleic acids. As long, however, as we have from animal cells no 
purified nucleic acid material, which carries one known s p e c i f i c 
instruction for a specific protein, the search for such a specific pro-
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tein will be very hard indeed. Although in the review of the literature 
a number of authors has been cited who sought such specific effects, 
many others have contented themselves with less precise phenotypic 
effects, such as changes in resistance to drugs or changes in malig-
nancy. Because of the heterogeneity of information (if any) of all 
nucleic acid preparations from animal cells, we thought it more pro-
fitable to describe general changes in cultured cells after treatment 
with nucleic acids. It seemed to us that a knowledge of these general 
reactions would facilitate a later discrimination of more specific ef-
fects. 
Although it is impossible to hybridize animal cells cultivated in vi-
tro to determine the hereditary character of the changes it is never-
theless clear that a nucleic acid-induced change should persist for at 
least some generations to be designated as a transformation. Of course, 
the number of mitotic generations to be studied is somewhat arbitrary; 
at the same time, this restriction to only a few generations gives the 
opportunity to show more clearly the sense in testing RNA as a trans-
forming agent. It is known that messenger - (like) - RNA can persist 
for a long time in animal cells. A very special case is that of the 
m et agon described by BEALE (1964, cfr. also 1.2.4.3): a gene-
iniated entity, which is known to elicit specific genie functions in the 
cell, usually associated with ribosomes, and containing as an essential 
substance: RNA. *) 
In some cases it is not deemed necessary to test for the persistence 
of the induced change, because it is known from formal genetic studies 
that a given change is a hereditary character. For this reason the stu-
dies of KRAUS (1961) provide the most convincing example of t rans-
formation in animal cells; the change in the hemoglobin produced after 
nucleic acid treatment was already known as a single-gene difference. 
In our work we studied the effects of nucleic acids during a few genera-
tions only. We could do this, because we were mostly interested in the 
direct effect; furthermore, we were not sure for ourselves if a change, 
specifically induced by nucleic acids during one or two generations 
only, should be excluded for an understanding of transformation phe-
nomena. 
Another point to be considered is the restriction of transformation 
phenomena to changes induced by n u c l e i c a c i d s . The normal flow 
of information within the cell goes from DNA to RNA to protein. In 
many instances feedback mechanisms have been found coupled to this 
*) Still it is not proved (SONN E BORN, 1965) that the metagon is a messenger. How-
ever, it is an RNA, the production of which depends upon the presence of gene M in 
Paramecium and it seems to be complementary to DNA of gene M, and under cer-
tain conditions capable of replication. 
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unidirectional flow (COMMONER, 1964). Although this central dogma 
of unidirectional flow does not leave room for it, some recent publi-
cations seem to indicate that there is not only feedback, but that even 
flowback of information may be possible (TEMIN, 1964). If this should 
be the case, then proteins - although the endpoint of the flow of infor-
mation in the classical idea - could as well be used as probable t r a n s -
forming agents. In this respect the experiments of TIEDEMANN (1961) 
are of interest . He reported that the organ determining substances in 
the early development of 9-days-old chicken embryos were proteins . 
However, it must be stated, that still not is proved, that the inducing 
protein is not accompanied by other chemical compounds. Nevertheless , 
the evidence for such a flowback of information is ra ther sca rce as 
yet; our practical work had, moreover, already been finished when 
these data about proteins were published. 
The choice of DNA as a substance capable of inducing t ransforma-
tion hardly needs justification. For the choice of RNA we can refer 
to the many studies in the l i terature with the same substance. Fur ther -
more, some RNA seems to have a specific informational content, viz. 
messenger-RNA. The proof of the existence of this kind of RNA in 
animal cells still is mostly circumstantial , however. If it exists , it 
forms only a minor fraction of the total RNA of the cells , and perhaps 
only nuclear RNA has a somewhat higher content. In contrast with DNA, 
all of which probably has informational value, much of the RNA present 
in a cell has no direct information for the synthesis of specific p ro -
teins. The chances of detecting a specific transformation with RNA 
seem rather small for that reason. 
In subsections 1.2.2.2 and 1.2.3.2 it was shown, however, that RNA 
could be a c a r r i e r of information between cel ls . 
As stated before, this was one of the reasons that we res t r ic ted our 
studies to non-specific effects of RNA, even to the extent, that the first 
species of RNA studied was yeast RNA (Chapter 3). This material is 
rather inhomogeneous and the mean molecular weight is ra ther low. 
This means most probably that no intact RNA molecules a re present , 
and therefore the chance of finding very s p e c i f i c effects is p rac t i -
cally nil. Besides this we tested homologous, more or less native RNA 
fractions (cytoplasmic and nuclear) as well as heterologous (Tetrahy-
mena) RNA. 
To decide if the role of RNA was ascribable to the macromolecule 
or to the composing mater ia ls we compared the effects of the native 
RNA with those observed after alkaline hydrolysis, and with nucleo-
sides, single or in combinations (Chapter 4). 
After RNA treatment we studied the effects on the DNA content, to 
see if there was any backward influence, and the effect on protein and 
nitrogen content, to follow the forward reactions (backward and forward 
defined with relation to RNA as the middle link in the flow of informa-
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tion). Cell growth was measured as a parameter for the over-all con-
ditions of the cells. 
In several experiments the effects of yeast RNA on arginase-activity 
were tested, see 4.4. 
The literature reviewed in 1.2.2 and 1.2.3 is ordered in historical 
perspective; eventual criticisms are given per group of authors, not 
for the single publications. The general trend in the development of 
the ideas seemed to us more important than a detailed discussion of 
the (often controversial) results obtained. It is restated emphatically 
here, that we treated only transformation as related to information 
transfer by means of extracellular nucleic acids; transformation to 
dedifferentiated cells as defined by BARSKI (1964) in primary cultures, 
or transformation to malignant cells in v i t r o - either "spontaneous-
ly" or by means of specific viruses (SANFORD, 1965) are not consi-
dered. 
Even if we could establish that nucleic acid molecules are taken up 
intact into cells, and that their measurable, even specific effects persist 
during a number of generations, we still are confronted with the im-
mense problem of elucidating the exact mode of action of these pre-
viously exogenous nucleic acids. A few possibilities are: 
1. The DNA or RNA themselves, or their breakdown products, are mu-
tagenic in the receptor cell. The mutated DNA will produce new pro-
tein in all generations, as long as the mutation persists. The muta-
tional nature can be proven only by means of hybridization experi-
ments. 
2. (A piece of) the DNA molecule taken up by the cell may be incorpo-
rated into a chromosome, to replace another segment of DNA, or 
remaining alongside with it. In the latter case it is true transfor-
mation, but not identical with the bacterial case. Here also hybri-
dization experiments alone could clarify the real events that took 
place. 
3. The RNA might function as an irreversible derepressor: once a 
stretch of DNA is unmasked, this DNA might remain active during 
the subsequent mitotic generations. To all purposes, this effect is 
undistinguishable from true transformation. 
4. The RNA incorporated might function as a template for its own re-
duplication, as is known to be the case of several RNA viruses. 
In this case we would have a true cytoplasmic, extra-chromosomal 
self-reproductive unit: a plasmagene. One could argue that this would 
constitute a true g e n e t i c transfer of information, so it would 
represent transformation in the most classical sense. Under favour-
able circumstances such a cytoplasmic-autoreduplicative RNA mo-
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lecule could be detected by means of autoradiography. 
The study of these and other possibilities are out of the scope of the 
work presented here. 
1.4 A RESTATEMENT OF THE PROBLEM AND A SYNOPSIS OF THE 
FOLLOWING CHAPTERS 
As far as DNA and RNA induce transformation (see 1.2 and 1.3), 
their effects on host cell systems are unquestionable established. 
However, there are relatively few known observations on general ef-
fects exerted by exogenous nucleic acids in animal cells. The experi-
ments described in the following chapters were conducted in order to 
identify the effects exerted by exogenous nucleic acids, especially RNA, 
on mammalian cell strains in v i t r o . For this purpose, monolayers 
of calf liver cells and human liver cells in suspension cultures have 
been studied in order to arrive at a tentative clarification of the man-
ner with which these mammalian cells react when incubated with nu-
cleic acid. In this respect, the present research was prompted by pre-
vious attempts to obtain transformation with the help of nucleic acids, 
at the same time, the experiments presented here were designed for 
the assay of parameters to be used in later transformation experi-
ments. The realization of these goals requires deviations from ex-
perimental procedures reviewed in the previous pages. These include: 
1. Lines, described as carcinogenic and primary cultures have not 
been employed in the present research - only established lines. 
2. The purpose of this background research has not been to induce in 
cultures a specific characteristic (for example, a specific protein 
synthesis) which had not been present before treatment, but more 
to examine the influence of nucleic acids on the entire behavior of 
the cells, maintained - as far as possible - under constant culture 
conditions. The "behavior" will arbitrarily be defined as consisting 
of the following parameters: nitrogen content, total protein, total 
nucleic acid, DNA content, RNA content and sometimes arginase 
activity. In addition, the number of cells in each sample was deter-
mined in order to extrapolate to average changes induced per cell. 
Cell growth and the doubling time of the cells (T) were studied with 
the help of the DNA content of the cultures and the number of cells 
involved. 
3. The parameters of cell metabolism listed above were simultaneous-
ly determined with the help of ordinary cyto- and biochemical me-
thods. In the opinion of the writer, it was necessary to take samples 
for assay of effects produced in the presence of nucleic acids at 
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spaced intervals during several cell generations (and not only in the 
cultures immediately following a short incubation time). In this way, 
it should be possible to obtain a more accurate impression of the 
response of cell growth to incubation in exogenous RNA and DNA. 
4. In order to meet the conditions listed below, the majority of expe-
riments were conducted with suspension cultures. 
a. to minimize individual differences between different (monolayer) 
cultures as far as possible; 
b. to maintain a large amount of material in stock for the determi-
nations and 
c. to facilitate taking successive samples at closely spaced time in-
tervals. 
5. The use of monolayer and suspension cultures, in this case calf li-
ver cells and human liver cells respectively, offered the advantage 
of distinguishing whether the effects found were more generally ap-
plicable to cell populations. 
6. In many of the experiments cited above, use was made of radio-
active labeled material. In order to avoid secondary effects result-
ing from such labeling (see FOX 1963), radioactive substrates have 
not been used in the present experimentation. 
In the second chapter, materials and methods of experimentation are 
described. After adapting a method chosen for analysis of the tissues, 
the basic characteristics of the cell lines used were expressed in terms 
of different parameters in order to facilitate the subsequent detection 
of modifications which might be induced by nucleic acids. In the third 
chapter, data covering the effect of yeast RNA on both cell lines are 
presented along with a summary of attempts made (similar to the many 
cited in the previous pages) to enhance the influence of commercially 
available yeast RNA. Presented in the fourth chapter is a triplicate 
group of experiments designed to further elucidate the effects of yeast 
RNA on the cell systems studied, followed by a discussion about the 
results of the experiments described in the Chapters 3 and 4. In the 
fifth chapter the data are summarized. 
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CHAPTER 2 
MATERIALS AND METHODS 
2.1 MATERIALS 
In this subsection culture methods applied to the study of cell lines 
used are considered in the following order: sampling, counting and 
calculation of generation time. 
2.1.1 C e l l c u l t u r e 
The two established cell strains used in these investigations are: 
calf liver cells in monolayer cultures and Chang liver cells in sus-
pension culture. 
The calf liver cell strain (KaLe) in our laboratory was established 
by PIECK and KUYPER (1961) in 1958 from fetal calf liver. This cell 
line was cultured at 370C in 7 cm Carrel flasks (D7) with 5 ml of me-
dium, or in Carrel flasks of 5 cm diameter (D5) with 3ml of medium. The 
medium contained either 25% calf serum (Lele) or 5% calf serum (Le Ve) 
in Hank1 s balanced salt solution and was furthermore enriched with 0,5% 
lactalbumine hydrolysate (LAH-Nutritional Biochemicals Corporation, 
Cleveland). To 100 ml of complete medium 5000 units of penicillin and 
5 mg of streptomycin were added (both delivered by Mycofarm-DELFT). 
Phenol red solution was added in order to determine the pH of the cul-
ture medium. The medium was changed every other day and the full 
grown cultures transferred every week by trypsinizing (5 ml 0,5% so-
lution, Difco). The culture medium was always freshly prepared directly 
before use. 
The Chang liver cells (Chang-3-J) were maintained in spinner flasks 
as suspension cultures for three years in the laboratory *). In order to 
detect any bacterial contamination the cell cultures were tested at 
regular intervals by means of the usual plating techniques in the ab-
sence of antibiotics. Furthermore, the cells were regularly tested for 
arginine deiminase activity according to the method of SCHIMKE and 
·) The Chang liver celle were originally from Microbiological Associates, Bethesda 
Md., and kindly placed at my disposal by fil. lic. E. Eliasson during my stay in the 
department of Professor T. Gustafson of the Wenner Gren Institute for Experi-
mental Biology, University of Stockholm, Stockholm. Sweden. I owe my sincere 
thanks to fil.lic. E. Eliasson for helpful discussion. 
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BARILE (1963) to check for freedom from PPLO. At the beginning of 
each experiment the stock solution was diluted (the required cell density 
being0,2xl06/ml). The cells of the diluted stock were spun down after 
two days incubation and resuspended in pre-aerated medium at 370C. 
The freshly-suspended cells were stirred for two hours and, after that, 
divided among a number of bottles. Directly after filling the bottles, 
the medium of the treated culture was enriched with required substan-
ces: exp. time 0. 
At the end of each experimental series, the cells were tested for 
arginine deiminase activity. No contamination with PPLO was detected.*) 
The nutrient medium was an adaptation of EAGLE's minimal medium 
for suspension cultures as reported by HAYFLICK and modified by 
ELIASSON (1965). The medium contained 10% horse serum, inactivated 
by heating to 560C for 1-2 hours. The gas phase was 5% C02 and 95% 
air. 
2 .1 .2Cel l s a m p l i n g and c o u n t i n g 
Calf liver cells were treated ten minutes with 1% trypsin and 1% 
versene in 5 ml physiologically buffered medium placed in a Dy flask. 
Aliquote of a homogenous cell suspension prepared from one or more 
of these flasks were diluted with 0,9% NaCl (1:50) and used for cell 
counts in an electronic apparatus constructed in this laboratory. In ac-
cordance with the design of the experiment to be conducted, the r e -
maining trypsinized cell suspension was distributed in amounts of 1, 2 
or 3 ml (depending on cell numbers required) in centrifuge tubes, each 
with 5 ml cold (40C) physiological saline to dilute the trypsin. Such pre-
parations were used for pre-extractions employed in the nucleic acid 
determination and as preliminary solutions in protein determinations. 
The Chang liver cells were collected through an overflow-outlet in a 
small calibrated sterile flask. Cell counts were performed with a Ljung-
bergCelloscope 101 (AB Lars Ljungberg and Co., Stockholm) after di-
lution in buffered celloscope solution (1/100, or 1/200). The cell sample 
was further divided among several centrifuge tubes in aliquots of 10 ml 
for nucleic acid assays, 4 ml for the protein determinations, 2 ml for 
analysis of total nitrogen and 100 ml for the arginase activity deter-
minations. 
2.1.3 C a l c u l a t i o n of t h e g e n e r a t i o n t i m e 
In order to estimate the doubling time the normal equation for ex-
ponentially growing cultures was used for both cell lines: Nt = N0 e0* 
by plotting N versus t on semi-logarithmic graph paper. The doubling 
*) Recently the calf liver cells were tested for PPLO infection. No contamination 
was detected. 
48 
time for calf liver cells was determined by direct cell counting as well 
as by DNA determination. Мц and N 0 indicate the number of cells (or 
the amount of DNA) at time t and at time о respectively, α = 0.693/T 
(the capital Τ represents the doubling time whereas the small t repre­
sents the total time elapsing between zero time and t). It is assumed 
that the average amount of DNA in micrograms per 10^ cells remains 
constant and that the number of cells is a direct linear function of the 
concentration of DNA. The possibility exists that not all of the cells in 
the culture participate in active growth; in calf liver cells in v i t r o this 
inactive fraction amounts to about 8% (KUYPER et al. 1962). Therefore 
Τ is only a first approximation of the doubling time. Unlike suspension 
cultures, estimates of Τ in monolayers were difficult because of un­
avoidable variation in the subculturing techniques and also in flatness 
and surface area of the flasks. Moreover, clumping during trypsiniza-
tion can be so severe as to render counts impossible. In the Chang liver 
cell cultures the estimate of Τ has been based exclusively on actual 
counts of cell number. 
In all experiments, the Τ was determined as the average of the se­
parate estimates and also the standard error was calculated i.e. 
\ Λ (x - * ) 2 
2.2 CYTO- AND BIOCHEMICAL ANALYSIS OF THE SAMPLES 
2.2.1 M o r p h o l o g i c a l i n v e s t i g a t i o n 
For this purpose coverslip cultures of Le(Ie) and Le(Ve) were incu­
bated in D5 flasks. After fixation with methanol the cells were stained 
either with gallocyanin or haematoxylin-eosin according to Giemsa. After 
staining, the preparations were photographed with the automatic Zeiss 
photomicroscope *). The viability of the cells was determined with lis-
samine green. 
2.2.2 B i o c h e m i c a l d e t e r m i n a t i o n s 
The determination of total nucleic acids, DNA and RNA respectively 
per 106 cells was accomplished in both cell lines approximately in the 
same way. Both types of cells studied were washed three times in the 
cold (40C) and centrifuged between washings at 100 χ g within a total 
*) The writer would like to thank Prof.Dr. S.J.Geerts, department of genetics, Uni-
verBity of Nijmegen, Nijmegen, The Netherlands, for use of this apparatus. 
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interval of 10 minutes; calf liver cells were washed in physiological 
saline (0,9% NaCl) whereas the Chang liver cells were washed in ba­
lanced Hanks solution (40C). After that the cells were suspended in 
cold (40C) 0,2N PCA in 50% alcohol and allowed to stand 10 minutes 
before being recentrifuged in the cold at 300 χ g. Cells were then re-
suspended in 0,2 N PCA in 50% alcohol (40C) and centrifuged in the 
cold for 10 minutes at 300 χ g. The pre-extraction was performed by 
placing the cells in three successive ethanol-ether (3:1) changes for 
10 minutes each at 70oC. After this the cell residue was washed in 
96% alcohol and, in this condition, was ready for the NA extraction. In 
case pre-extraction was not immediately followed by hydrolysis, the 
cell samples were kept in 96% alcohol at 4 0C. (The alcohol did not pro­
duce undesirable effects for nine days). This pre-extraction technique 
is patterned after that of KERN (1960) as modified by WANKA (1962) 
in his work on C h l o r e l l a p y r e n o i d o s a . In order to adapt the 
latter method to the cell system used here, the pre-extraction with 0,2 
N PCA in 50% alcohol was carried out for only 10 minutes instead of 
30 and not at room-temperature but at 4°C. WANKA (1962), himself, 
advised the lower extraction temperature, although room-temperature 
also gave acceptable results. 
Hydrolysis was conducted at IQPC in 0,5 N PC A. In the next subsec­
tion methods are discussed for determination of optimal hydrolysis 
times in calf- and Chang liver cells in preparation for quantitative as­
says of total nucleic acid, DNA and RNA respectively. 
Nucleic acids in hydrolysates were determined by extinction mea­
surements at 230 ιημ, 260 ιημ, 268,5 πιμ and 320 ιημ. The standard so­
lutions used for these determinations were patterned after those of 
WANKA (1962 and 1965) and after various other authors listed in the 
historical review. Calf thymus DNA (deoxyribonucleic acid, sodium 
salt, from thymus glands, British Drug Houses Ltd.) and yeast RNA 
(Ribonukleinsäure aus Hefe, C.F. Boehringer Soehne GmbH, Mannheim) 
were used. In each measurement, the hydrolyses were run at УСРС for 
the same times as in cell samples; the standard solutions contained 
either 20 or 30 μg of commercial nucleic acid (DNA or RNA) per ml 
0,5 N PCA. The mean absorption of nucleic acid was calculated and 
corrected according to the method of WANKA who averaged the cor­
rected E268,5 (i.e. E268,5 - E320) of 20 μg DNA/ml 0,5 N PCA with 
that of 20 μg RNA/ml 0,5 N PCA and used it as equivalent of 20 μg 
"nucleic acid" per ml. The characteristic Е26О/Е2ЗО ratio was taken 
as indicative of pure nucleic acid (the accepted value lies between 2,4 
- 2,8). The E320 should be as small as possible as it indicates a con­
tamination. In the following subsection the extent to which this method 
was applicable to the cell lines studied here and its intrinsic sources 
of error will be discussed. 
The diphenylamine test as described by BURTON (1956) was em-
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ployed for the determination of DN A in the hydrolysates. After 18 hours 
standing at ЗСРС, is it possible to obtain reliable DNA assays by mea­
suring extinctions at 595 Γημ3ηα 650 πιμ, i.e. by subtracting E650 from 
E595 and comparing the resulting value with that measured in two dif­
ferent standard DNA concentrations, 20 or 30 μg/ml. A check of the 
diphenylamine test provided the correct E595/E650 ratio. 
RNA determinations were carried out in calf liver cells according 
to WANKA's (1962) modification of the orcinol reaction described by 
CERIOTTI (1955). The color was measured at 670 πιμ and 435 ιημ. 
By use of the E435 together with the calculations allowing for hexose 
interference applied by SLATER (1958) and modified by WANKA 
(1962), the E670 was corrected. With this corrected E670. RNA in ex­
perimental hydrolysates was estimated by comparison with the corres­
ponding extinctions of the standard solutions (i.e. 20 μg and 30 μg RNA/ 
ml). For reasons elaborated in the following subsection, the RNA in 
calf- and in Chang liver cells was also taken approximately as the dif­
ference between total nucleic acid, measured by U.V. absorption in the 
hydrolysate and the DNA in the same hydrolysate as measured by the 
method of BURTON. 
DNA or RNA per 106 cells was calculated by combining the above 
determinations with cell counts in the suspension cultures. 
The total protein content was determined according to the method of 
LOWRY (1951). The reference standard used in experiments on Chang 
liver cells was human serum albumin, and on calf liver cells, bovine 
serum albumin. In each determination, a calibration plot was made and 
used for estimating the amount of protein in the sample, assuming that 
an approximate correspondence existed between amino acid garnitures 
of calf and bovine serum protein as well as between Chang liver and 
human serum protein. 
Nitrogen was determined after digestion by the method of KJEL-
DAHL by the Nessler reaction, as described by GILLIN (1965). 
Argüíase activity was assayed according to SCHIMKE (1964) as 
modified by ELIASSON (1965). These activities were expressed as 
mois of urea per hour per mg protein *). All chemicals used were of 
analytical grade. 
2.2.3 Isolation and addition of R N A to the cultures 
The method used for isolating RNP from fresh calf livers was that 
of TAKANAMI (1960) as simplified by ALLEN (1962). Special precau-
tions were taken at the abattoir for removing a piece of liver imme-
*) І wish to express my sincere thanks to Miss K.Arvidsson of the Wenner Gren In­
stitute for Experimental Biology, University of Stockholm, Stockholm, Sweden, for 
careful technical assistance in carrying out the argüíase determinations. 
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diately after killing a calf and in transporting the ablated piece of 
tissue in a closed container of cold buffer to the laboratory. 
220 230 240 250 260 270 280 290 300 ЭЮ 320 λ in ιτιμ 
Fig. 1. Absorption spectra of calf liver RNP, Le(Ie) celle, 20 and 40 μg yeast RNA/ml 
respectively, hydrolyzed for 30 minutes in 0,5 N pea at 1CPC. 
Various nuclear and cytoplasmic fractions of high molecular weight 
bovine RNA were prepared using the phenol method of KIRBY (1962) *). 
*) The author is Indebted to Drs. К. J.В.Lamers, of the Laboratory of Chemical Cyto­
logy, University of Nijmegen, Nijmegen, The Netherlands, who prepared and kindly 
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Fig. 2. Absorption spectra of nuclear and cytoplasmic fractions of high molecular 
weight bovine-RNA, respectively high and low molecular weight T e t r a h y m e n a -
RNA. 
Employing the same method, high and low molecular weight T e t r a -
h y m e η a RNA was prepared *). Absorption spectra of these prepa­
rations are represented in figs 1 and 2. 
Yeast was employed as a source of heterologous RNA whereas the 
DNA used was from calf thymus. Yeast RNA was depolymerized by 
treatment with KOH for a period of 24 hours at 370C, after which 30% 
hyperchromicity was measured. 
The sterilization of nucleic acids prior to addition to the media was 
accomplished with the help of the Schott G 5f glass bacteria-filters; 
Seitz filters were not suitable because the nucleic acids did not pass 
through them. In the case of calf liver cells it appeared impossible to 
dissolve the DNA and RNA in complete nutrient medium before filtra­
tion because of foaming. Therefore nucleic acids were dissolved in 
balanced Hanks salt solutions before filtration; phenol red was omitted 
to facilitate extinction measurements of the filtrate at 260 ηημ and 
268,5 mil. There was no detectable loss of N A in the G 5f filtrations. 
Using this sterilized Hanks solution as a base, the culture medium 
was completed with LAH and one of two calf serum concentrations 
(25% or 5%). 
In experiments with Chang liver cells, the nucleic acids were dis­
solved in double-distilled water by adding a few drops of 1 M NaOH. 
*) The Tetrahymena-RNA fractions were isolated and kindly placed at our disposal 
by Dr. Werner Gram, The Biological Institute of the Carlsberg Foundation, Copen­
hagen, Denmark. I wish to express my sincere thanks for his kindness and hospi­
tality. 
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Following this the pH was adjusted to 7,0; U.V. absorption was measur-
ed, the mixture filtered and again measured in the U.V., after which it 
was divided among different flasks. Each of the flasks to be prepared 
as a control, then received a volume of complete medium and 0,1 M 
saline solution equalling that of the nucleic acid solution to be added. 
The solutions which contained depolymerized RNA, mixtures of nu-
cleosides or nucleotides and orotic acid were sterilized by Seitz fil-
tration. The salt solutions used for pre-treatment of the cells were 
autoclaved. 
2.3 APPLICATIONS OF THE CYTO- AND BIOCHEMICAL METHODS 
TO THE OBJECT 
2.3.1 D e t e r m i n a t i o n of t h e o p t i m a l h y d r o l y s i s t i m e in 
t h e 0 ,5 N PCA at 7 0 o C 
It was necessary to determine optimum hydrolysis time in 0,5 N PCA 
needed for quantitative NA, DNA and RNA determinations in our mate-
rial, in order to adapt existing methods to the tissues used. In accor-
dance with several authors, among others WANKA (1962), we did feel 
the necessity that the analytical methods, especially for NA-determi-
nations, should be adapted to each new object. 
2.3.1.1 Calf liver cells 
Two groups of experiments were conducted in order to determine the 
optimal hydrolysis time at 70oC in 0,5 N PCA for both cell lines stu-
died: Le (Ie) and Le (Ve). These were: 
A: "fractionated hydrolysis", 
B: "continuous hydrolysis". 
A. "fractionated hydrolyses" 
Procedure: 
Two cell suspensions of Le(Ve) and 2 of Le (Ie) were prepared from 
6 Carrel Dy flasks of each of the two stock cultures. After the pre-
extraction (cfr. 2.2.2) the following procedure was used: 1) hydrolyze 
the cells for 30 minutes at 7000 in 5 ml 0,5 N PCA; wash the cells twice 
with 2 ml 0,5 N PCA; bring the hydrolysate and wash water together 
and dilute to 10 ml (fraction I). 2) Place the washed residue in 2 ml of 
0,5 N PCA and hydrolyze for 30 minutes at JCPC; wash two times and, 
using the wash water, dilute this hydrolysate to 6 ml (Fraction II). 3) 
Add 3 ml 0,5 N PCA to the residue and hydrolyze at 70oC for 30 mi-
nutes; wash one time with 1 ml 0,5 N PCA and dilute the resulting hy-
drolysate with wash water to a total of 4 ml (Fraction III). 
The NA, DNA and RNA content in each of these fractions was de-
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T a b l e 1 
Determination of the optimal hydrolysis time for calf liver cells 
at 70oC, 0,5 N PCA 
Object 






























































































































termined and calculated as a percentage of the total of each of these 
3 components respectively. This group of experiments facilitated es­
timating the fraction of total NA as measured by U.V. absorption, 
which was recovered and assayed in the diphenylamine test and the 
orcinol reaction together, see table 1. 
92-97% of the total nucleic acids in both. Le(Ve) and Le(Ie) cell strains 
were found to be extracted after 30 min. hydrolysis. In this fraction 
96-98% of the NA detected by U.V. could be recovered in the colori­
metrie methods for DNA and RNA. Similar percentages were obtained 
for DNA after 30 min. However, fraction II should not be ignored for 
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Fig. 3. Estimation of the optima] hydrolysis time for DNA and RNA determinations 
at TCPC in 0,5 N pea with Le(Ie) cells by means of U.V. absorption measurements, 
diphenylamlne test and orcinol reaction in the same hydrolysate. 
acid and DNA were present in this fraction. In fraction II (and III) RNA 
is not demonstrable by means of the orcinol reaction. On the basis of 
table 1 it maybe stated that 92-97% of the total nucleic acids, as esti­
mated from U.V. absorption measurements, are recovered in the color 
reactions. Further reference to this point is made in 2.4.2 and 2.4.4. 
B. "continuous hydrolyses" 
The intention of this series of experiments is to obtain a more ac­
curate estimate of the optimal hydrolysis time for DNA and RNA de­
terminations. 
Procedure: 
1) After the ordinary pre-extraction, Le(Ie) cells from 10 Dy were 
hydrolysedin 100 ml of 0,5 N PCA at УООС. Samples (5 ml) were taken 
every 10 or 20 min. from the hydrolysate, in total 10 samples. After 
centrifugation the nucleic acid concentration in the supernatant was 
determined by U.V. measurements and DNA assays were carried out 
subsequently by means of the diphenylamine test. This procedure was 
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Fig. 4. Hydrolysis of 20 ug calf thymus-DNA/ml in 0,5 N pea at ICfìC based on U.V. 
extinctions and on the diphenylamine test. 
2) Solutions containing 20 μg each of RNA and DNA per ml were hy­
dro lysed in 0,5 N PC A at ICPC. Every 10 or 20 min. a sample was taken 
and its U.V. absorption measured; also as above, the extinction was 
measured at 595 πιμ and 650 πιμ after the diphenylamine test and the 
extinction was measured at 670 πιμ and 435 πιμ after the orcinol reac­
tion. This test was done in duplicate. 
3) As a follow-up of the above series of experiments, Le(Ie) cells 
from 12 D? were hydrolysed in 150 ml of 0,5 N PC A at 70oC. Ten, 10 
ml samples were taken during a 1-hour hydrolysis at spaced intervals. 
The content of nucleic acid was determined in the ordinary way after 
which 2 DNA and 2 RNA determinations were carried out for each mea­
sured point. Simultaneously with the taking of each sample, 5 ml of 
fluid was pipetted from each of two flasks containing 100 ml of standard 
RNA resp. DNA solutions (concentration of each 20 μg/ml of 0,5 N 
PCA)inawaterbathat УООС in order to provide standard hydrolysates. 
By comparing this standard with experimental NA solutions, the abso­
lute amounts of nucleic acids, DNA resp. RNA taken from the cell ex-
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Fig. 5. Hydrolysis of 20 μg yeast-RNA/ml in 0,5 N pea at 7CPC; characteristic ex­
tinction values obtained by U.V. absorption measurements and in the orcinol reaction 
are plotted. 
The data are plotted in figs. 3, 4 and 5 as the characteristic extinction 
values (see 2.2.2) (not as absolute amounts of NA, DNA or RNA) versus 
time, and show clearly saturation characteristics. 
Examination of these plots reveals that 60-80 minutes hydrolysis is 
adequate for the DNA determinations; in agreement with the data des­
cribed in A, the plots represented show that a very high percentage of 
theNA is extracted in the first 30 minutes of hydrolysis. Plot 4 shows 
the results of hydro lysing 20 μg of DNA per ml. After 70 min., the value 
of E595-E650 drops from 0,110 to 0,104. 
The standard solution of 20μgof RNA per ml also gives a saturation 
type curve showing that 30 min. hydrolysis at 70oC in 0,5 N PCA is 
adequate for RNA determinations. 
The plots of the absorption at 435 τημ illustrate the considerable in­
fluence exerted by short hydrolysis on E670/E435. This point will be 
considered in more detail later. 
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T a b l e 2 
Concentration of nucleic acids per ml of calf liver cell hydrolysate 
during hydrolysis at 1QPC in 0,5 N PC A 





























NOTE: The fraction after 30 min. (cfr. fraction I in A) contains 95,6% 
of the total nucleic acids (36,4 μ§ of nucleic acids per ml is 
considered as 100%). 
The data (table 2) show nucleic acid concentration in cell hydroly-
sates as a function of hydrolysis time. Moreover, illustrated in table 3. 
are increases of extracted DNA and RNA with hydrolysis time, 
expressed in their respective concentrations and also in lumped 
percentages. 
The data in the experiments described under A, table 1, indicate that 
only after 60 minutes extraction of DNA and NA approached comple­
tion. 
The results shown in fig. 3 and tables 2 and 3 have prompted select­
ing 70 min. hydrolysis at 70oC with 0,5 N PCA for the DNA determi­
nations. The observation that, in the orcinol reaction, the E670 re­
mained constant for a long time and that the U.V. plot demonstrated 
saturation characteristics, has resulted in the adoption of 30 minutes 
hydrolysis at 7000 at 0,5 N PCA for the RNA determinations. The 
E435 during the first 30 min. showed a negative drift which is detect­
able in tables 3 and 4 as variation in the concentration of RNA in μg 
per ml of cell hydrolysate (cfr. 2.4.4). 
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T a b l e 3 
Concentration of nucleic acid, DNA and RNA 
per ml calf liver cell hydrolysate 



































































NOTE: The fraction after 30 min. (cfr. fraction I in A) contains here: 
98% of the total nucleic acid 
96% of the total DNA 
99% of the total RNA 
On the other hand, the hydrolysis of yeast RNA at 70oC for 30 min. 
resulted in easily assayed solutions. 
The U.V. absorption spectrum of nucleic acid is identified on the 
basis of E260 a n d E230. Therefore, the ordinary criterium E260/E230 
is represented in the table 4 as index of nucleic acid concentrations in 
cell hydrolysates as well as in standard solutions. 
Summary 
The optimal hydrolysis time for the Le(Ie) and Le(Ve) in 0,5 N PCA 
at 70oC was 70 min. for DNA and 30 min. for RNA. 
2.3.1.2. Chang liver cells 
In determination of the optimal hydrolysis time of Chang liver cells 
in 0,5 N PCA, the only experimental method employed was the continu-
60 
















































































ous hydrolysis technique described in subsection 2.3.1.1. However, the 
following modifications were applied: 
After the pre-extraction the cell samples were placed in 500 ml of pre-
warmed 0,5 N PCA and stirred. Several samples were taken during the 
first 20 min. of the experiment. For each measurement 6 ml of hydroly­
sate were pipetted into a centrifuge tube cooled in ice in order to di­
rectly stop the hydrolysis. Using a cold cuvette, U.V. absorption spectra 
were automatically recorded for every sample. Two groups of experi­
ments were carried out: at 70oC and at 50oC. 
Procedure: 
The cells from 960 ml of cell suspension (1,56 χ 10^ cells per ml) 
were, after the usual pre-extraction, divided in two parts, each con­
taining 750 χ 1θ6 cells. The cell samples were placed in 500 ml 0,5 
N PCAat 500C or 7Q0C at the beginning of the hydrolysis. For each 
DNA measurement duplicate 2 ml samples were centrifuged at 40C 
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Fig. 6. Estimation oftheoptimal hydrolysis time for DNA determinations in 0,5 N pea 
at 5 0 ^ and 7CPC for Chang liver cells. The corrected E268,5 is calculated from the 
U.V.-absorption spectra of each sample taken during hydrolysis. 
mination of the U.V. spectrum between 340 πιμ and 220 ιημ. These ex­
periments were done in triplicate; the results are represented in 
table 5. 
Fig.6 shows the saturation curve of the E268,5 - E32O. as derived 














Chang Liver Cells 
Hydrolysis: 
m 0,5npca,70oC 
in 0,5 η pca,50eC 
10 30 50 70 90 110 150 
mm. 
Fig. 7. Estimation oftheoptimal hydrolysis time for DNA determinations in 0,5 N pea 
at 5CPC and 70OC for Chang liver cells by means of the characteristic extinction values 
obtained in the diphenylamine test on the cell hydrolysatee. 
hydrolysis of Chang liver cells at 70oC and 5(PC respectively. Fig.7 
shows the E595 - E650 saturation curve ofthe same hydrolysate based 
on the diphenylamine test. 
From examination of table 5 it is also evident that 92-97% of the 
nucleic acids and DNA are extracted from Chang liver cells in the first 
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T a b l e 5 
Determination of the optimal hydrolysis time 
for assays of nucleic acids and DNA in Chang liver cells 





























































































































































*) Ecorr : E268,5 - E32O 
30 min. of hydrolysis at 70oC. Fig.6 illustrates that in the case of hy­
drolysis at SQOC the maximum absorption is reached later than was the 
case at 70oC. This difference between 50° and 70° incubations is better 
visualized in fig.7. The observation that the ratio Emax/Emin does not 
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decrease during hydrolysis at 50oC to the values observed during the 
shorter hydrolysis time at 70oC might seem to argue in favour of hy-
drolyzing at SCPC. However, since the plot in fig.6 does not show a 
sharp maximum and furthermore since the observed Emax/Emin ratio, 
even after 70 minutes hydrolysis at 7(PC, is in agreement with the data 
in the literature (WANKA, 1962) the hydrolysis time for Chang liver 
cells was taken as 70 min. in 0,5 N PCA at 70oC. The RNA content is 
calculated by subtracting DNA from the total nucleic acids and inter-
preting this difference as an index of the RNA content (2.4.4). The 
same standard solutions were used in order to determine quantitatively 
the absolute DNA and nucleic acid content per celias in the experiments 
with calf liver cultures. 
Summary 
The optimal hydrolysis time in the above experiments with Chang 
liver cells in 0,5 N PCA at 70oC was 70 minutes for the DNA and nucleic 
acid determinations. 
2.4 THE RELIABILITY OF THE CHOSEN METHOD FOR DETERMINA-
TION OF TOTAL NUCLEIC ACIDS: DNA AND RNA 
2.4.1 I n v e s t i g a t i o n of w a s h w a t e r and r e l i a b i l i t y of t h e 
p r e - e x t r a c t i o n s 
The experiments were carried out with calf liver cells: Le(Ie). In 
order to remove all trypsin, cells were washed with physiological saline 
at 40C directly after the sample was taken. It is already known that re-
peated washings in salt solutions can alter the permeability of cell 
membranes. LEVINE (1960) for example, investigated this potential 
problem by use of labeled HeLa cells; that is, he took loss of incor-
porated 32p as an index of alteration in permeability imposed by the 
different manipulations. He found 14% loss of 32p after 45 minutes 
incubation with physiological saline at room temperature. In the method 
described above (cfr. 2.2.2), the cells were washed with cold (40C) phy-
siological saline and centrifuged at low angular velocity for 10 minutes 
or less in order to avoid cell damage. Several experiments have been 
conducted in order to determine whether nucleic acids were lost during 
this (maximum of) 10 minutes. It was noted that the quotient E260/E230 
of the wash water amounted to about 0,5-0,6 whereas the corresponding 
quotient in salt solutions containing 0,1% and 0,5% trypsin was 0,77. 
A U.V. spectrum is illustrated below (fig.8). The values found sug-
gested that the extinction in the wash water was exclusively attribut-
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Fig. 8. U.V.-absorption spectrum of physiological salt solution containing 0,05% tryp­
sin. 
The E260/E230 of physiological salt solution used for washing cells 
at temperatures at 40C or 370C subsequent to trypsinizing at 40 or 
370C was consistently between 0,5 and0,6. Even 15 minutes incubation 
with the salt solution at 370C gave only a value of 0,7. The possibility 
is not ruled out, however, that the U.V. absorption is partly ascribable 
to free nucleotides. 
Trypsinizing was always carried out only long enough to loosen cells 
from the substrate. The influences of longer trypsinizing times and 
higher speeds of centrifugation were not investigated. 
Thepre-extraction with 0,2 N PCA in 50% alcohol at 40C served not 
only to remove the sugars, but at the same time, to extract the free 
nucleotides and nucleosides. In the first pre-extract, the E260/E230 
quotient was 1,7 + 0,2, even though the absolute magnitude of the ex­
tinction was very low, see table 6. 
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Fig. 9. U.V.-abeorption spectra ofpre-extractl in comparison with a U.V.-absorption 
spectrum of 10 μg hydrolyzed calf-thymus-DNA/ml 0,5 N pea. 
67 
T a b l e 7 
The total nucleic acid and DNA 
in a series of similarly subcultured D7 monolayers 
as a function of different schedules 
of treatment with trypsin and physiological salt solutions 
Protocols 
trypsinized at ^ C , .physiological salt at 4 0 C 
trypsinized at 37 0 C, physiological salt at 4 0 C 
trypsinized at 37 0 C, physiological salt at 37 0 C 
trypsinized at 3 7 0 C t 
5 min. incubation physiological salt at 37 0 C 
trypsinized at 37 0 C, 





















At spaced intervals (i.e. 6. 17, 23 and 41 hours) subsequent to re­
newal of the medium, the U.V. extinction of pre-extracts I and II was 
measured from a series of similarly subcultured Carrel D7 flasks. 
The renewal of media did not exert an influence on the first pre-extract, 
whereas the absorption in the second pre-extract was undetectable. 
The minimum of the absorption curve in the first pre-extract, was 
between 230-235 πιμ and the maximum near 255 τημ. In order to faci­
litate comparison, this spectrum is graphically shown together with a 
plot of the U.V. absorption curve erf a standard (10 μg/ml) DNA solution 
(fig.9). The diphenylamine test of the pre-extract was negative. 
After hydrolysis of the cells from a series of similarly subcultured 
Carrel D7 flasks, the variation in total nucleic acid and DNA remained 
within the standard error of absorption measurements, irrespective of 
the method applied in trypsinizing and washing in physiological salt 
solutions, see table 7. 
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2.4.2 Reliability of the standard solutions and the cal­
culation of the total nucleic acid content 
Calf thymus DNA and yeast RNA were employed in solutions as re­
ference standards in the calculation of nucleic acid content (for methods, 
seerWANKA, 1962 and WANKA and WALBOOMERS, 1966). In each de­
termination the mean absorption, E268,5 corrected for hexose, of the 
two solutions, 20 μg DNA and 20 μg RNA/ml hydrolyzed in 0,5 N PCA, 
was taken as an average index of 20 μg of nucleic acid/ml. 
In the first place it was assumed that background absorption of cell 
hydrolysates was identical with that in standard solutions and that the 
ratio between DNA and RNA in both = 1 : 1 . Moreover, it was assumed 
that 268,5 т д was the isosbestic point for DNA and RNA absorption 
(WANKA, 1962). However, plots of the two U.V. spectra, 20 μg DNA and 
20 μg RNA/ml respectively hydrolyzed in 0,5 N PCA at 7(PC, do not 
intersect exactly at 268.5 m\i, see fig.lO. Therefore, the question can 
be asked if, in spite of these intrinsic errors in NA absorption mea­
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Fig. 10. U.V.-absorption spectra of 20 μg calf thymus-DNA and 20 μg yeast RNA/ml 
respectively, hydrolyzed in 0,5 N pea at 7QPC in comparison with U.V.-absorption 
spectra of 20 μg hydrolyzed NA-mixtures withdifferent yeast-RNA/calf thymus-DNA 
ratios (2 or 0,5). 
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C + U 
48,2% 
50,2% 
A + G 
51.8% 
49,5% 
Investigation of the base composition in yeast RNA and calf liver 
cells *) indicated that the base composition was very similar (see table 
8). Moreover, assuming that the base composition of calf-thymus DNA 
corresponds with that of the calf liver cells examined, it may be con­
cluded that a difference between the standards and the extracts of the 
liver cells, is very slight indeed. The failure of the diphenylamine-
and orcinol reactions (used in cell hydrolysates) to yield DNA + RNA 
assays exactly corresponding to that obtained by U.V. absorption (see 
2.3.1) might be attributable to dissimilarities in base composition be­
tween cell hydrolysates and standard nucleic acid solutions. 
In the calculation of nucleic acid content from the data, it was assumed 
that the ratio DNA/RNA = 1. U.V. absorption spectra of the standard 
solutions (fig. 10, 11 and 1) indicate: 
1. a difference between spectra obtained from 20 μg RNA and 20 μg 
DNA/ml after both had been hydrolysed in 0,5 N PCA at 70oC and 
2. that at the same time, the spectra of different nucleic acid mixtures 
(20 μg/ml) were distinctly separated if the RNA/DNA ratio was as 
different as 2 or 0,5. 
In v ivo the RNA/DNA ratio is not ordinarily equal to 1. Examina­
tion of the plot and simple calculation reveal that the average corrected 
*) We are very grateful to Drs. A.C.M.Pieck, of the Laboratory of Chemical Cytology, 
University of Nijmegen, Nijmegen, The Netherlands, for carrying out these deter­
minations. 
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E268,5 f o r RNA/DNA = 2 or RNA/DNA = 1 can differ from each other 
by as much as 1 - 4%. 
Example: 20 μg RNA/ml : E268,5 = 0,250 
Mean 0,240 : 20 μg NA/ml 
20 μ
δ
 DNA/ml : E268,5 = 0.230 
RNA/DNA = 2 E268,5 = 0,730 
E268,5 = 0,720 
60 μg/ml found 
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Fig. 11. U.V. -absorption spectra of Le(Ie)cells compared with 20μg calf thymus-DNA/ 
ml, respectively hydrolyzed for 70 minutes in 0,5 N pea at 7000. 
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In tissue cultures the RNA/DNA ratio was between 1,5 and 2,5. In 
order to complete the data, the U.V. spectra of the cell hydrolysates 
are compared with those obtained on standard solutions. After 30 min. 
hydrolysis the minimum occurred at approximately 230-232 πιμ and 
the maximum at about 260-265 ηημ. After 70 minutes hydrolysis the mi­
nimum was 235 iT^and the maximum 265 πιμ. These values are similar 
tothoseofKERN (I960) and WEST (1962) who used yeast-RNA solution 
for reference: 232-235 πιμ minimum and 265 т ц maximum absorption. 
Even though absorption varies in different materials according to base 
composition, it always remains well within the limits of 230-235 πιμ for 
the minimum and 260-265 πιμ for the maximum (DOTY, 1961). 
The observation that, as seen in Fig.10, the U.V. absorption spectra 
for DNA and RNA do not intersect each other exactly at 268,5 ιτιμ does 
not necessarily constitute a serious disadvantage because it still re­
mains possible to compare absorption measurements made at 268,5 πιμ. 
However, in order to minimize variation, E268,5 for DNA and RNA, 
after correction, were averaged with each other. 
The above cited experimentation on the DNA, RNA and total NA 
assay procedures makes it clear that absolute quantitative determina­
tion of nucleic acid content in the hydrolysate is impossible because 
the base compositions in the cell hydrolysate and standard solutions 
are not identical and also because the RNA/DNA ratio is not exactly 
equaltol.but variable. The small error resulting from these inherent 
dissimilarities is not, however, serious because as far as possible, 
experimental conditions under which cells and their nucleic acids so­
lutions were hydrolyzed were controlled and held constant. As a fur­
ther precaution, experimental values were always expressed as a % 
of that in the corresponding controls, and not only in absolute terms. 
2.4.3 T h e r e l i a b i l i t y of t h e d i p h e n y l a m i n e t e s t 
WANKA (1962) reported that the E595/E650 ratio in the diphenyl­
amine test was 3,0. In each of 15 different series of experiments in 
calf liver and in Chang liver cells, two random determinations of 
E595/E650 quotient averaged 2 , 9 + 0 , 1 . A substantial deviation was 
found in tubes which were not absolutely free from fat. 
2 .4.4Value of t h e o r c i n o l r e a c t i o n and i t s r e l i a b i l i t y 
for t h e c a l c u l a t i n g of t h e RNA c o n t e n t 
In this reaction the color was measured at 670 ir^.and 435 Γημ. It is 
known that hexoses interfere with the orcinol reaction. Therefore 
SLATER (1958) proposed a correction formula which was modified by 
WANKA (1962). Furthermore, on the basis of the present research, it 
has become apparent that E435 i s subject to interference by molecules 
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Е435, E670. E670-corrected and μg of RNA/2 ml 
of calf liver cell suspension, calculated with and without 









































































other than hexoses. In table 9 it may be seen that calculation of RNA 
content directly on the basis of E670 gives a result differing from 
that obtained when the correction for hexoses is applied. The discre­
pancy between both values is even more conspicuous because the 
E435 values in duplicate determinations from a single hydrolysate 
sometimes vary as much as 10%, whereas variation of E670 in the 
same duplicate determinations may be about 1 - 2%. Thus it seems 
very unlikely that this 10% difference is entirely attributable to inter­
ference by hexoses. 
If the E670/E435 consistently lies between 2,5 and 3,0 and variation 
in the duplicate E435 and E670 measurements are each only 1 or 2%, 
the correction formula of WANKA can be usefully applied. 
It is well established that, in the orcinol reaction, the only color 
measured is that resulting from combination of dye with purine-bound 
ribose. In contrast, the U.V. absorption technique measures all nu­
cleotides together. Because the orcinol reaction for RNA is not as 
specific as U.V. absorption and moreover is subject to many interfering 
factors, the writer, in concurrence with WANKA and WALBOOMERS 
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(1966), decided in experiments with Chang liver cells on the alternative 
of taking the RNA content as the total nucleic acid minus diphenylamine 
determined-DNA, in spite of the small difference in base composition 
(2.4.2) existing between cell hydrolysates and standard solutions. These 
small differences constitute, however, a source of error in the method. 
2.4.5 C a l c u l a t i o n of t h e e r r o r i n d é t e r m i n a t i o n s of t o t a l 
n u c l e i c a c i d , DNA and RNA p e r lO^ c e l l s 
In view of intrinsic impossibility of exactly determining the total nu-
cleic acid content, DNA and RNA it was decided (2.4.2) always to ex-
press the effects on these parameters in treated cells as % difference 
from the control. To what extent is the % difference between treated and 
control cultures generally attributable to the effect of incubation and to 
what extent is it dependent only on inaccuracies in the measurements? 
In order to answer this question, the following calculation was carried 
out. *) 
In 30 duplicate U.V. determinations of NA from 15 randomly selected 
experiments, the difference between duplicate determinations from one 
cell suspension averaged 2% and reached a maximum value of 4%. At 
the same time the measured difference between the mean values of two 
different cell suspensions grown under the same conditions was, at 
m o s t , 4%. Duplicate determinations of DNA by means of the diphenyl -
amine test were always identical within 2%. Schematically the proce-
dure for the determination of total NA and DNA in treated and control 
cultures can be given as: 
determination determination of DNA 
of total nucleic acid by the diphenylamine test 









*) I would like to thank Dre. Ph.van Eiteren, of the Instituut voor Wiskundige Dienst-
verlening, University of Nijmegen, Nijmegen, The Netherlands, who checked this 
calculation-method. 
Control culture 







The content of nucleic acids per 10^ cells in % of control cultures 
was calculated as follows: 
Mean (I + II) / IP 6 cells χ 100 
Mean (1+2) / 106 cells 0 
The m a x i m u m error, estimated by adding the percent errors in 
the numerator and denominator, thus approaches С + 8%. 
In order to find the error in determinations of differences between 
treated and control cells with respect to RNA per 10^ cells, the added 
absolute errors among duplicate N A minus DNA measurements in both, 
must be first expressed in percentages. Moreover, inaccuracies in the 
cell counting procedure must here also be taken into account. In calf 
liver monolayers, this error reached a maximum of 1,5% whereas, in 
suspension cultures it was only 0,5%- 1,0% in spite of the frequent 
necessity of making 5 counts on two dilutions 1 : 100. 
The percent difference between treated and control cultures with 
respect to amount of RNA/lO^ cells (based on the difference: NA/IO^ 
cells minus DNA/IO^ cells) was thus determined according to the fol­
lowing equations: 
Mean (I +II)/106cells - mean ( Г + I " +11- +11--)/IQ^cells 
Mean (1 +2)/10b cells - mean (1- + 1 " + 2 " + 2—)/ 10ό cells x 
Therefore the m a x i m u m percent deviation between expérimentais 
and controls attributable to inaccuracy in measurement of values of 
RNAper 106 cells was found to approach the 10% level. On the basis of 
these calculations, a 10% difference between treated and control cul-
tures was not considered significant as, in unfavourable circumstances 
this value might be wholly ascribable to errors in the measurements. 
The 8% is maximal error obtainable in comparison of control with 
experimental measurements on nucleic acid, amount of nitrogen, and 
arginase activity per 1θ6 cells (see calculation method for NA). In the 
plots, the boundaries delimited by + or - 10% of the control measure­
ments per 106 cells are indicated, and for example the expressions 
"no effect" or "effect after 48,5 hours" should be interpreted with 
respect to these boundaries. 
2.5 CYTOBIOCHEMICAL METHODS FOR CHARACTERIZING CELL-
LINES DURING GROWTH 
2.5.1 C a l f l i v e r c e l l s 
In spite of intrinsic errors in determining the growth by increases 
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Increases in amounts of total nucleic acid and DNA per Dy flask 


























Τ: 44,6 + 0,5 hour 
of cell number, NA, DNA, RNA and protein in similarly subcultured 
monolayers, it still seems worthwhile to attempt such assays in the 
hope of elucidating events occurring in cell cultures after incubation 
with foreign nucleic acids. 
In the first two efforts to obtain estimates of the four listed para­
meters in cultures incubated for 40 hours, it was impossible to ad­
duce a reliable interpretation: the cause being non-uniformity of the 
surface form and smoothness of the different culture flasks. There­




23 Similar Dy subcultures were started from 3 Dy flasks. 60 and 98 
hours after subculturing the medium was renewed and 112 hours after 
the transfer, the first test samples were taken (experiment hour 0). 
Samplesof four Dy's were routinely taken every 8 hours, see table 10. 
exp. 2.: 
Procedure: 
45 Similar Dy subcultures were prepared from 6 Dy stock flasks. 
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Mean increase in the number of cells, 
total NA, DNA, RNA and protein/2 ml of cell suspension 
during the 48 hour period of incubation 



































Samples consisting of 6 or 3 D7 cultures were taken every 24 hours 
and trypsinized for DNA and RNA resp. for protein determinations. 24 
and 94 hours after the subculturing, the medium was renewed, and 89 
hours after subculturing the first sample was taken (experimental 
time 0), see table 11. 
In the above table, the standard errors are given to serve as an in­
dex of variation in the 6 pairs of determinations of total NA and pro­
tein and in the 12 paired assays of DNA and RNA from the 6 hydroly-
sates. 
Calculated on the basis of 6 hydrolysates per measurement, the 
mean DNA/106 cells was 18,3+0,2 μg; the RNA was estimated from 
uncorrected E670. 
Τ determined on the basis of increase in total DNA: 41,1 + 1,8 hours. 
Τ determined on the basis of cell numbers was: 44,1 + 6,0 hours. 
The amount of nucleic acid and RNA per I06 cells was lower at the 
third measurement than at the second. In the suspension cultures pa­
rallel results were obtained (cfr. 2.5.2). 
In the two experiments described here, the doubling time was found 
tobe approximately 10 hours different from that reported by KUYPER 
et al. in 1962, who used the same cell strains. Τ calculated on the basis 
of cell number was approximately of the same order of magnitude as 
that based on increase in amount of DNA, but the standard error in the 
former case was about 3,5 times higher. 72 - 94 hours after the sub­
culturing, the cell counts were somewhat less accurate because of the 
difficulties in obtaining uniform suspensions. In cultures containing a 
large number of cells it was observed that the total RNA and NA per 
10° cells was considerably lower than in young cultures. This lower 
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T a b l e 12 
The mean increase in the number of cells, 
total nucleic acid, DNA and protein per ml cell suspension 




























































content may be ascribed to starvation caused by rapid exhaustion of 
the fresh medium (it is also possible that more concentrated waste 
products were present in these older cultures: phenol red indicator 
quickly became yellow-pink after the medium was renewed). In all 
experiments it was, however, established that the mean DNA content 
per 106 cells remained constant. 
2 .5.2Chang l i v e r c e l l s 
Procedure: 
Two cell suspension cultures were started with 250 ml cells each 
(0,60 хІОб cells/ml) in which an additional 25 ml of medium was placed: 
A and B. See table 12; in these "controls" growth is characterized in 
NA-, DNA- and protein content/ml. 
The DNA content per 10^ cells was 19,1 + 0,3 μg in culture A (cfr. 
4.1.2.2). In culture В the DNA content per 106 cells was 19,9 + 0,5 μg 
(cfr. 4.1.1.3). 
Тд was 37,0 + 1,2 hours. 
T B was 35,4 + 1,8 hours. 
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In the tables of the subsection 4.1.2.2 and 4.1.1.3 it appears, at the 
sametime.that the nucleic acid and the RNA content per 10^ cells de­
clined after the third measurement (i.e. between 30,5 - 48,5 hours). 
Furthermore, a microscopic examination for viability revealed that 
the cells were smaller, though not dead. These data might be taken to 
indicate that the medium was exhausted. 
In this relation, the calculated Τ value and figure 18 shown in the 
fourth chapter failed to indicate that the cells were in a log-to-lag phase 
transition. In this experiment only (cfr. 2.1.3) Τ is also estimated on 
the basis of increase in total DNA. 
T A is 34,3 + 0,7 hours. 




EFFECTS OF YEAST RNA 
ON CALF- AND CHANG LIVER CELLS 
In this chapter the influence of various yeast RNA concentrations 
on cell morphology and on changes in the nucleic acid and protein con­
tent per 106 cells is studied at different incubation times. Moreover 
the method of SPRUNT et al. (1961), ELLEM and COLTER (1960 and 
1961) and KOCH (1960 and 1963) involving the pretreatment of cul­
tures with hypertonic salt solutions immediately before incubation with 
yeast RNA were applied in an attempt to heighten the effects of yeast 
RNA. 
3.1 EFFECTS OF DIFFERENT YEAST CONCENTRATIONS AND IN­
CUBATION TIMES ON THE TWO CELL STRAINS 
3.1.1 C a l f l i v e r c e l l s 
First the total nucleic acid, RNA and protein content were compared 
with the non-treated controls per 106 cells in Le(Ie) and Le(Ve) after 
70 hours incubation in two yeast-RNA-concentrations (400 and 550 μg 
per ml). In all cases, each determination was made on a sample pooleâ 
from 4 D7 culture flasks. Although variation among determined values 
of DN A/106 cells was detectable, the mean in the treated and untreated 
cultures remained the same: 19,2 + 0,8 (ca. 4%). On the other hand, the 
amount of nucleic acid, RNA and protein per I06 cells, though variable, 
was always greater in expérimentais than in controls, see table 13. 
Next, in order to further elucidate the above effects, the influence 
of yeast RNA on the same cell parameters was studied at spaced in-
tervals during growth of the cultures. 
Procedure: 
45 Identical sub-cultures were prepared in separate D7 vessels 
from cells of 6 pooled D7 flasks. In order to obtain reliable assays of 
cell numbers, total nucleic acid, DNA and protein, all D7,s were se-
lected for uniformity and the conditions of transfer were held as con-
stant as possible. Twenty-four hours after sub-culturing, the medium 
was replaced with one containing 550 μg RNA/ml. Significantly different 
doublingtimes were found in expérimentais and controls (as determined 
on the basis of total DNA at each reference point). 
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T a b l e 13 
The effect of incubating calf liver cells for 70 hours 
in 400 and 550 μg yeast RNA/ml medium respectively 
on the number of cells 













































































T a b l e 14 
Amounts of NA, RNA and protein per 10^ Le(Ie) cells in controls (A) 
and in a culture incubated with 550 μg yeast RNA/ml medium (B) 
for 48 hours, that is, between the 65th and 113th hours of incubation 
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Tcontrol -41,1 + 1,8 hours 
T R N A = 2 6 . 5 + 1,0 hours 
When, however, 1114μg RNA/ml medium was used instead of 550, 
the control and experimental doubling times were: 
Tcontrol = 43,8 + 2,6 hours 
TRNA. nl4μg/ml medium = 3 8 . 8 ± 4 . 4 hours. 
It is evident, that, whereas the lower RNA concentration reduced 
doubling time below control values (in both experiments, the control 
values were the same), the higher concentrations did not: see table 14. 
Conclusions: 
1. NA and RNA per 10^ Le(Ve) and Le(Ie) cells are elevated by incu­
bation with 400 or 550 μg yeast RNA/ml medium for 70 hours. How­
ever, the observed increase in % of control is variable. 
2. This variation in the response of the cultures was found during shor­
ter incubation times as well. 
3.1.2Chang l i v e r c e l l s 
Procedure: 
Two 300 ml suspension cultures (0,49 χ 10^ cells/ml) were started, 
with the control (A) receiving an additional 15 ml medium and the ex­
perimentáis (В), 15 ml RNA (10.000 μg/ml) to make a final concentra­
tion of 476 μ§/τηΙ. 
This experiment was repeated with an initital concentration of 0,95 
χ 1θ6 cells/ml. The results are given in tables 15 and 16 respectively. 
A few experiments were designed with Chang liver cells for testing 
the effects of yeast RNA on arginase activity. *) In a study on the re­
gulation of specific enzyme synthesis in tissue culture, ELIASSON 
(1965) established that, when exponentially growing Chang liver cells 
are transferred to a new medium lacking glutamine, cell growth and 
multiplication stopped. On adding glutamine within 24 hours, normal 
*) Together with the discuseion of the experiments described in Chapter 3 and 4, in 
subsection 4.4 it will also be explained why we did at all test the effects of yeast 
RNA on arginase activity in Chang liver cells. 
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T a b l e 15 
Micrograms of NA, RNA and protein per 10^ Chang liver cells 
(initially 0,49 x 106 cells/ml) in control (A) and experimental cultures 
incubated with 476 μg yeast RNA/ml medium for 44 hours 
Cul­

























































































T a b l e 16 
Micrograms of NA, RNA and protein per 10^ Chang liver cells 
(initially 0,95 χ 106 cells/ml culture medium) in controls (A) 
and in cultures incubated with 476 μg yeast RNA/ml medium (B) 
for 44 hours 
Cul­











































































T a b l e 17 
The effects of 227 g of yeast RNA/ml medium on the arginase activity 
in Chang liver cells incubated during the glutamine starvation 
(21 hours: B), directly after starvation (A) 
or in those receiving no treatment (controls C) 
Measurements were made on samples taken at the moment 
of glutamine addition (hour 0), after 3 and after 6 hours 
f — ( 
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growth started again. During the period of glutamine starvation arginase 
activity did not change significantly. Immediately after addition of glu­
tamine, a rapid linear increase in arginase activity occurred. This in­
crease is actually due to an increase in enzyme protein rather than to 
an activation. 
A number of experiments were conducted in conjunction with ELIAS-
SON on the influence of incubation with yeast RNA on arginase activity, 
NA and protein per 10^ cells. These were specifically experiments in 
which, at zero time cells from two-day old cultures (2.1.1) were re-
suspended in glutamine free medium instead of the one normally used 
in spinner cultures. 
Furthermore, since the degradation of arginase is minimized by 
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manganous ions, these experiments were carried out in media contain­
ing 0,1 m molar MnCl2 (ELIASSON, 1965). 
In the experiment outlined below, the following two questions were 
investigated: 
1. Does 227 μg RNA/ml exert an effect on arginase activity in cell sus­
pension cultures as it did on NA, RNA and protein content/106 cells 
(cultures B-C)? 
2. Does it matter whether cells are incubated with yeast RNA d u r i n g 
the glutamine starvation or s u b s e q u e n t to the addition of sub­
strate (glutamine) (cultures A-B)? 
Procedure: 
550 ml of cell suspension containing 0,92 χ 10^ cells/ml were cen-
trifuged, resuspended in 1250 ml glutamine free medium of which 900 
ml was divided equally among three flasks (А, В and C); the remaining 
350 ml was employed in arginase determinations. Culture (B) received 
30ml of yeast RNA (2500μg/ml) giving a final concentration of 227μg/ 
ml. 21 hours later glutamine was added to all cultures, and simulta­
neously culture (A) received 20 ml of yeast RNA (2500 μg/ml) giving 
here also a final concentration of 227 μg/ml. Samples were taken for 
analysis at the beginning of the experiment and after 21, 24 and 27 













EFFECT ON SPECIFIC 
ARGINASE ACTIVITY IN 
CHANG LIVER CELLS after 
Glutamine addition, 
(incubation with 227цд 
yeast RNA/ml medium: 
МЛ during 21 h Glutamine 
starvation 
Щ after 21h Glutamine 
starvation) 
Hours after Glutamin* addition 
Fig. 12. Theeffect of 227 |j.g yeast RNA/ml medium on the specific arginase activity, 
expressed in μπιοί urea per mg protein per hour in Chang liver cells during the first 
six hours after glutamine addition. RNA incubation either d u r i n g or a f t e r 21 
hours glutamine starvation. 
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T a b l e 18 
The content of NA, RNA and protein per 106 Chang liver cells 
measured immediately before addition of glutamine to control (C) 
and experimental (B) cultures which have been incubated 








































The DNA content per 106 cells was 19,5 + 0,5 μg. 
3 or 6 hours incubation with 227 μg RNA/ml was without effect. 
It is evident that cultures receiving yeast RNA simultaneously with 
the glutamine (A) and those receiving it in the same concentration be­
fore that, during glutamine starvation (B), exhibited similar levels of 
arginase activity. However, the increase in A during the first 6 hours 
is much more rapid than that in В even though both A and В activities 
are lower than that in C. See figure 12. 
After 21 hours incubation, the arginase activity in В had not in­
creased relative to that in A or C. Table 18 indicates the contents of 
NA, RNA and protein/lO^ cells in the same experiment. 
Conclusions: 
Chang liver cells incubated with yeast RNA (476 μg/ml culture) 
showed in two experimental series: 
1. Variation in response of the cultures, independent on the incubation 
time; 
2. The percentage increase of RNA, NA, protein per 106 cells relative 
to controls is of the same order of magnitude as in the calf liver 
cells. 
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3.2 THE EFFECT OF YEAST RNA SUBSEQUENT TO PRETREAT­
MENT OF THE CULTURES WITH HYPERTONIC SALT SOLU­
TIONS 
In their investigation on the efficiency of Mengo virus-RNA in pro­
ducing infections in L cells, ELLEM and COLTER (1960 and 1961) ob­
tained upgrading of virulence to a maximal value in hypertonic salt 
solutions; the osmotic value of the medium in which cells were in­
cubated with RNA determined the extent of infection which occurred. 
The experimental design used here represents a departure from that 
employed by ELLEM and COLTER and of BORRISS and KOCH (1964 
and 1965). These authors incubated cells with RNA in a medium pos­
sessing an osmotic value different from that ordinarily encountered; 
whereas, in the present research, cells were pretreated for only a 
short time (0-10 min., not 15 min.) in hypertonic salt solution (0,6 M 
NaCl) before being incubated with exogenous RNA in culture medium 
of normal osmotic value. Thus the cells undergo an iso- to hypertonic 
transition which is immediately followed by a return to isotonic medium 
containing yeast RNA. KOCH (1963), in studying the hypertonic (1,1 
M NaCl) to isotonic transition, observed that a vast invasion of RNA 
accompanied this process. In the present experimentation, it was pre­
vented that the cells in hypertonic media shriveled (see also BORRISS 
and KOCH, 1964) and agglutinated and/or died, thus rendering investi­
gation of prolonged treatment in such media impossible. In agreement 
with the report of ELLEM and COLTER, we have found that treatment 
in hypertonic salt solutions brought about decreases in cell numbers. 
Furthermore, since it has already been observed in the Le(Ie) strain 
(3.1.1), that elevation of yeast RNA concentration to 1114μg/ml me­
dium certainly does not induce proliferation as did 550 μg/ml in the 
same interval, it was necessary to distinguish between these two effects. 
Therefore the control cultures in the following experiments received 
the same pretreatment in hypertonic salt solutions as cells incubated 
with RNA. 
In several of the experiments in this subsection it is demonstrated 
that hypertonic salt solutions accentuate effects of RNA on cultured 
cells and, moreover, a maximum accentuation was observed after a 
pretreatment of 5-7 minutes at 370C in hypertonic salt solution. In 
addition, it is apparent that elevated concentrations of RNA (compare 
with the experiments in 3.1.1) result in higher nucleic acid, RNA and 
protein content per 10^ cells and that this specific effect is even fur­
ther accentuated by pretreatment in hypertonic salt solution for 5-7 
minutes. In similar experiments, it shall be demonstrated that, with 
Chang liver cells (3.2.2), cellular responses are easier to detect if 
pretreated. BORRISS and KOCH (1965), as NORMAN and VEOMETT 
(1961) established that hypertonic salt solutions inhibited RNase at the 
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cell membrane. They found that RNA invaded cells together with li­
quids precisely during transition from hyper- to isotonic condition. 
3.2.1 Cal f l i v e r c e l l s 
Procedure: 
48 hours after subculturing in Dy flasks, the medium was decanted 
and the cells treated for a short period of time in sterile 0,6 M NaCl 
at З70С. After this the cells were incubated at 370C for 72 hours in 
normal nutrient medium or medium containing 1114 μg RNA/ml. For 
results see tables 19 and 20. 
T a b l e 19 
The number of cells, Le(Ie)/ml χ 1θ6, in control cultures 
and in cultures incubated with 1114 μg RNA/ml medium 
for 120 hours after subculturing, 
and for 72 hours after changing the medium: 
that is, incubation subsequent to pretreatment with 0,6 M NaCl (370C) 
for 0, 5, 7 and 10 minutes respectively 
Duration 




































Thus both the elevated RNA concentration and pretreatment with 
hypertonic salt solutions were effective in influencing the number of 
cells. 
In these experiments the following list of observations seems per­
tinent: 
1. Trial 1 was the only one in which 1114 μg RNA/ml produced eleva­
tion in NA, RNA and protein per I06 cells (0 min. pretreatment) 
above that observed in experiments with 400 and 550 μg RNA/ml 
(3.1.1). 
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T a b l e 20 
The percentage increase in Le(Ie) with reference to control cultures, 
in protein, RNA and NA content per 10^ cells 
during a 72 hour incubation with 1114μg yeast RNA/ml medium. 
This 72 hour incubation was carried out subsequent to pretreatment 
in 0,6 M NaCl (370C) for 0, 5, 7 and 10 minutes; 
the entire experiment being completed 120 hours after subculturing. 
Duration 































































EFFECT OF PRETREATMENT 
WITH абМ NaCl AT 37вС 
during respectively 0,5,7,10min 
in Le(Ie)(72h incubation with 
HUng.yeast RNA/ml medium) 
0 5 7 10 5 7 10 0 5 7 10 Time of pretreotmvnt in mm 
Fig. 13. Increase per 10^ Le(Ie) cells in % of controls of the amount of protein, NA 
and RNA by incubating the cells for 72 hours with 1114 μg yeast RNA/ml medium, 
directly after pretreatment with 0,6 M NaCl at 370C during respectively 0, 5, 7 and 
10 minutes. 
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2. After the hypertonic treatment there is no direct relationship be­
tween decrease in cell number and increase in amount of protein, 
RNA and NA/106 cells. 
3. The percentage changes in RNA content do not parallel those in pro­
tein per 106 cells. 
4. Decrease in cell numbers with time appears to be additive for both 
hypertonic treatment and incubation with RNA. 
5. In both controls and treated cultures the amount of DNA in μg per 
106 cells was 19,5+0,7. 
6. The hypertonic pretreatment accentuated increases in NA, RNA and 
protein/106 cells ordinarily produced by incubation with yeast RNA, 
i.e. in experiments 3.1.1, the increase of NA, RNA and protein with 
reference to the control was 6 - 23%, whereas the corresponding 
values in experiments 3.2.1 varied between 54 - 88%. See figure 13. 
3.2.2 C h a n g l i v e r c e l l s 
First, experiments testing the effects of RNA (227 μg/ml) on arginase 
activity in suspension cultures will be described (this may be considered 
as a follow-up effort based on the work carried out in conjunction with 
ELIASSON - see 3.1.2). 
Procedure: 
160 ml of cell suspension (0,92 χ IO6 cells/ml) were present in each 
of three centrifuge tubes, spun down and incubated in 0,6 M NaCl at 
370C. After this pretreatment, cells were resuspended in glutamine 
free medium and distributed among 3 flasks (D, E and F). Flask E re­
ceived 30 ml yeast RNA (2500 μg/ml) to make a final concentration of 
227 μg/ml. After 22 hours, a second pretreatment with 0,6 M NaCl 
was administered, glutamine (final concentration: 2mM) added to cell 
cultures and 20 ml of yeast RNA (2500 μg/ml) was added to flask F in 
order to make a f inai concentration of 227 μg/ml. For results see table 
21. 
After the second pretreatment with hypertonic salt solution addition 
of glutamine resulted initially in a decrease in arginase activity fol­
lowed by a marked increase. 
In cultures D and E there was no clearly observable effect after 22 
hours incubation of hypertonic salt-pretreated cultures in yeast RNA. 
The effects are summarized in table 22 (viz. effects on NA, RNA and 
protein/106 cells at 22 hours incubation). 
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T a b l e 21 
The effects on arginase activity in Chang liver cells 
produced by incubating them in 227 μ g yeast RNA/ml medium 
during a 22 hour starvation period in glutamine-free medium (E) 
or directly thereafter (F); controls were not treated in the RNA (D). 
Arginase activities were determined in all three cultures 
at the moment ofglutamine addition (exp.hourO) and after 3 and 6 hours. 
All three cultures were pretreated 4 min. with 0,6 M NaCl (370C) 
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In the same experiment, the percent increase of the various assayed 
parameters, w i t h o u t pretreatment in hypertonic media were: NA/10^ 
cells: 18%, RNA/106 cells: 33% and protein/106 cells: 8%. See figure 
14. 
Hypertonic pretreatment of the same culture twice within a time in­
terval of 22 hours led to a net depression in amount of RNA, NA and 
protein per 1θ6 cells. The amount of DNA per 1θ6 cells was: 19,5 + 
0,5 μg. 
Three other experiments were designed to detect whether hypertonic 
salt solutions could enhance the effects of various concentrations of 
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T a b l e 22 
The NA, RNA and protein content per 10^ Chang liver cells 
in controls (D) and experimentáis (E), the latter of which 
after pretreatment in 0,6 M NaCl for 4 min. at 370C, 
was incubated 22 hours with 227μgyeast RNA/ml but without glutamine; 



















































PROTEIN NUCLEIC ДСІ0 RNA — 
EFFECT OF PRETREATMENT 
W I T H 0 6 M N a C l A T 3 7 o C 
DURING U m IN CHANG 
LIVER CELLS (22h incubation 





Fig. 14. Increase per 10° Chang liver cells in % of control of the amount of protein, 
NAand RNAby incubatingthemfor 22 hours with 227 μg yeast RNA/ml medium during 
glutamine starvation, with or without pretreatment in 0,6 M NaCl at 370C for 4 
minutes. 
RNA on cells without glutamine starvation. Furthermore, a second 
purpose of the experiments was to determine whether hypertonic pre­
treatment might minimize variation in response to RNA treatment. 
Is there a relationship between cell response and the concentration of 
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the exogenous yeast RNA added immediately following treatment in 
hypertonic salt solution? On the other hand, cells were kept at a high 
yeast RNA concentration (825 μg/ml) in a glutamine free medium, 
after pretreatment in hypertonic salt solution; the increase in arginase 
activity after addition of glutamine was observed not only during the 
first 6 hours, but also during the next 48 hours. 
Exp. 1: 
Procedure : 
Cells of a 2-day-old culture (500 ml, 1,0 χ 1θ6 cel ls/ml) were cen-
trifuged and resuspended in lOmlofO.o M NaCl (37 0 C). After 4 minutes 
in this salt solution, normal spinner medium was added and the resul t­
ing cell suspension divided among 4 culture flasks (Ai - Di) according 
to the following schedule: 
Ai 250 ml cellsuspension + 0 ml RNA (5000 μg/ml) +50 ml 0,1 M NaCl 
Bi 250 ml cellsuspension + 12,5 ml RNA (5000 μg/ml) + 37,5 ml 0,1 M NaCl 
Ci 250 ml cellsuspeneion + 25,0 ml RNA (50(K^g/ml) + 25,0 ml 0,1 M NaCl 
Di 250 ml cellsuspension + 50,0 ml RNA (5000 μg/ml) + 0 ml 0,1 M NaCl 
NOTE: 1. The yeast RNA was dissolved in 0,1 M NaOH and neutralized 
in HCl before being steri l ized by filtration. 
2. Culture media a r e not exactly isotonic; there were 10 ml 0,6 
M NaCl in 260 ml suspension medium. 
Exp. 2: 
Procedure: 
Four flasks (A2 - D2) were filled as above, except that the p r e t r e a t ­
ment in 0,6 M NaCl (370C) was for 10 minutes. 
Exp. 3: 
Procedure: 
The cells in a 2-day-old culture (500 ml, 0,78 χ IO 6 cells/ml) were 
spun down and resuspended in 750 ml of glutamine free medium, in A3 
and C3,and additional 150 ml of 0,1 M NaCl. Cultures B3 and D3 were 
treated 4 minutes in 0,6 M NaCl (37 0C) before incubation in 750 ml 
glutamine free medium containing 150 ml RNA (4950 μg/ml) to make 
a final concentration of 825 μg/ml. Twenty hours later, all cultures 
received sufficient glutamine for bringing the final concentration to 
2 m M . 
Results a r e summarized in the tables 23 and 24 and in figures 15, 
16 and 17. 
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T a b l e 23 
Effects on arginase activity in Chang liver cells 
incubated for various times in different RNA concentrations 














































































Arginase activity in 
μ mol 
urea/mg 




































































In both experiments 1 and 2 it is apparent that arginase activity more 
or less increases as a function of the yeast RNA concentration in which 
the cells were incubated. 
The results of experiment 3 show a rapid linear increase in arginase 
activity immediately after addition of glutamine (incubation time 20 
hours), whether incubated with RNA (Вз) or without it. (See also ELI-
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T a b l e 24 
Protein and NA concentrations in Chang liver cells 
after incubation in various RNA concentrations 
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EFFECT ON SPECIFIC ARGINASE 
ACTIVITY IN CHANG LIVER CELLS 
(18, respectively 47 hours 
incubation with different 
concentration yeast RNA/ml 
medium after pretreatment 
withO,6MNaCtat37°C) 
о 2oe ¿.is езз 0 208 UK 833 Cone, yeast RNA in pg/ml 
Fig. 15. The effect on specific arginase activity, expressed in μπιοί urea per mg pro­
tein per hour, in Chang liver cells by incubating them with different concentrations 
(0,208,416 and 833 μg/ml) yeast RNA for 48 or 47 hours after pretreatment with0,6 
M NaCl at 370C for 4 respectively 10 minutes. 
ASSON, 1965). However, the increase was even more pronounced in 
RNA-treated cultures and remained significantly higher than the con­
trol value even 68 hours after resupplementing with glutamine. 
Examination of the table and figure from experiment 2 reveals that 
the higher RNA concentration is attended by a greater effect on NA and 
protein content per 10^ cells in all samples assayed, at 21, 40 and 47 
hours. In contrast, it is evident that pretreatment with 0,6 M NaCl for 
10 minutes r e d u c e s (instead of elevates) the same parametric values 
below the control levels. Moreover, these values (i.e. NA and protein 
per 106 cells) continue to descend progressively during incubation. On 
the other hand, in experiment 1 (see the tests on incubation in glutamine 
free media, sections 3.1.2 and 3.2.2), it may be inferred that the greatest 
elevation in NA and protein/lO^ cells became apparent only after longer 
periods of incubation. The figures recorded in experiment 3 suggest 
that the addition of MnCl2 can influence the absolute value of arginase 
activity in Chang liver cells (cfr. also ELIASSON, 1965). 
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21 h incubation lOh incubation U h incubation 
EFFECT OF DIFFERENT 
CONCENTRATION VEAST 
RNA/ml MEDIUM ON CHANG 
LIVER CELLS during 
respectively 21,10 and 47 
hours incubation on amount 
of Protein respectively 
Nucleic acid per 106cells 
after pretreatment 
with 0,6 M NaCl at 370C 
208 416 833 208 «16 833 208 416 833 Cone, yeast RNA in μί/πιί 
HgHÜCLEICACI0/106CELLS 
21h incubation tOh incubation U h incubation 
гП 
208 416 833 208 416 833 208 416 833 Cone yeast RNA in цд/глі 
Fig, 16.Theeffects ofdifferent concentrations (208,416 and 833 μg/ml) yeast RNA 
on the amount of protein respectively NA per 10^ Chang liver cells determined after 







EFFECT ON SPECIFIC ARGINASE ACTIVITY IN 
CHANG LIVER CELLS (incubation with 825μς 
yeast RNA/ml medium after pretreatment 
- with 0,6Μ NaCl.) Л ^ 
/ Л — 
/ / / / / / 
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Fig. 17. The effect on specific arginase activity, expressed in μ mol urea per mg pro­
tein per hour, in Chang liver cells, 20 hours starved for glutamine, pretreated with 
0,6 M NaCl for 4 minutes at 370C and directly thereafter incubated with 825 μg yeast 
RNA/ml medium for 68 hours, 48 after glutamine-addition. 
3.3 MORPHOLOGICAL CHANGES IN CALF LIVER CELLS APPEAR­
ING AFTER DIFFERENT INCUBATION TIMES AT VARIOUS 
YEAST RNA CONCENTRATIONS (WITHOR WITHOUT PRETREAT­
MENT IN HYPERTONIC SALT SOLUTIONS) 
Yeast RNA induces development of abnormal cells in our cultures, 
i.e. multinucleated giant cells. These abnormal cells were never ob­
served in untreated cultures during experimentation nor in stock lines 
(routinely examined three times/week) before the present research 
began, but they have repeatedly been observed in all RNA-treated cul-
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T a b l e 25 
Frequency distribution of the surface areas in RNA treated cultures 
expressed in the units shown on the photographs 





































tures studied, irrespective of incubation time or RNA concentration. 
Examples of such multinucleated giant cells are shown in the follow-
ing photographs (see pages 102 and 103) of gallocyanin-stained pre-
parations. Photographs from a control series show some rather big 
cells, but these are quite different from the observed multinucleated 
giant cells. 
In treated cultures, however, the frequency of these cells is very 
low, approximately 0,01 - 0,05%. Morphological comparison of control 
and treated cultures also led to the tentative conclusion that the cell 
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surface was greater in the latter; this point was tentatively verified 
by making measurements directly from photographs. Using transparent 
graph paper, length of major and minor axes of 1414 cells were mea-
sured and used as an index of cell surface. (This method was examined 
by the Instituut voor Wiskundige Dienstverlening, Mathematics Service 
Department, and judged reliable provided the shape of the cell meas-
ured were not too excentrically ellipsoid). A frequency distribution was 
then prepared from these measurements (see table 25). In spite of in-
accuracies inherent in the process of measuring, the frequency dis-
tribution still exhibited a few distinct maxima among cells with greater 
surface area. 
This table was originally constructed with a view to the impression 
that cells were considerably larger in treated than in control cultures. 
A more extensive quantitative statistical investigation is needed. 
Reports paralleling the present one include those of ENDERS (1954) 
who described "multinucleated cells" in cultures infected with Herpes 
simplex and Varicella viruses. LACOUR (1960) and SMITH and CRESS 
(1961) found "bizarrenuclear structures" and suppressed growth rates 
in fibroblasts treated with tumor DNA. 
Attempts to demonstrate the process of multinucleated giant cell 
development by use of time-lapse microcinematography with a phase 
contrast microscope have proved unsuccessful. The field of view is 
very limited, with about 25 cells/frame, and therefore the chance of 
observing development of a multinucleated cell is very slight. On the 
other hand, the very low percentage of multinucleated giant cells in 
RNA-treated cultures is fortunate in that it does not distort cell count 
determinations in suspension cultures (ordinarily aliquote of suspen-
sion cultures were diluted and divided in such a way that about 8.000 -
10.000 cells were counted). However, it should be taken into account 
that the occurrence of multinucleated giant cells in treated cultures 
could lead to inaccuracies in assays of NA and DNA/cell. The possi-
bility even exists that inaccuracy in cell counts as made with a Cello-
scope might be greater if the cell surface in the treated cultures is 
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TO ELUCIDATE THE EFFECT 
OF YEAST RNA 
ON CALF- AND CHANG LIVER CELLS 
IN VITRO 
In the present report (chapter 3) it was found that incubation of Chang 
liver cells with yeast RNA is attended by an increase in the amounts 
of protein and nucleic acid per 106 cells. When this observation is con-
sidered together with those of KLEIN (1960, 1961), GUSTAFSON et al., 
(1961 and 1962) that addition of yeast RNA to cell cultures influenced 
the induction of substrate-dependent synthesis of arginase, the follow-
ing questions are suggested: 
1. Is this yeast RNA taken up as such, or.... 
2. Is it degraded enzymatically during incorporation. If so, does de-
gradation take place a) intracellularly, b) extracellularly or c) both 
inside and outside the cell? 
3. What is the mechanism of action of the incorporated RNA? 
In attempting to answer these questions, and therefore to explain 
the effects to exogenous yeast RNA on cells in vitro, three groups 
of experiments were conducted. Earlier studies of the same questions 
includethoseof WEISBERGER (1962), NIU (1962 and 1963) and FRAEN-
KEL-CONRAT (1962) all of which suggested that the effectiveness of 
incorporated nucleic acids, i.e. RNA and RNP, depends on their re -
maining completely intact, or nearly so. It was further contended that 
nucleic acids were incorporated and assimilated in t o t o to provide 
a template on which specific protein molecules could be synthesized. 
If this latter hypothesis is correct, it might be expected that nucleo-
tides or other fragments of nucleic acids would not exhibit the same 
kind of control over protein synthesis as the whole RNA molecule (see 
MARMUR and LITT, 1958 and DOTY, 1961). The lastnamed authors 
found that the length of the "transforming molecule" was of primary 
importance in bacterial transformation, while a similar conclusion was 
deduced from parallel studies on tissue cultures of mammalian cells 
(see WILCZOK, 1962, BORRISS, 1964 and YOON, 1965). In order to test 
the importance of the length or complexity of exogenous RNA molecules 
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in this connection, we have studied Chang liver cells after incubating 
them in media containing uridine, thymidine, orotic acid, part ial ly d e -
graded yeast RNA and various mixtures of nucleosides (see all p a r a -
graphs beginning with 4.1). Fur thermore , in order to determine (1) 
whether exogenous nucleic acid is only slightly broken down before i ts 
penetration and uptake into the host cell and (2) whether in this s t a t e 
of slight degradation, it influences intracellular synthesis of protein 
and nucleic acid, cell cultures were treated with nucleic acids from 
various sources (see subchapter 4.2). If there is no break-down at all 
of the exogenous nucleic acid, one may expect different responses of 
the cultures to the offered exogenous nucleic acid. If a break-down t akes 
place, the resul ts of 4.2 should be as found in 4 .1 . 
In bacteria (see YOUNG and SPIZIZEN, 1961) and in mammalian cel l 
cultures (BORRISS, 1964 and 1965 and YOON. 1965), physiological 
conditions of host cells evidently play a major role in determining the i r 
sensitivity to transformation. Therefore it occurs to the present w r i t e r 
that a pertinent physiological condition for studying the effectiveness 
of exogenous RNA on the paramete rs studied might be one in which 
intracellular synthesis of RNA is inhibited. It is well known that such 
inhibition can be achieved with actinomycin D. For example, REICH 
(1962), GOLDBERG and REICH (1964) established that binding of a c t i -
nomycin to guanine in DNA double helices was responsible for inhibition 
of RNA polymerase in DNA-dependent synthesis (CHORAZY, 1965). In 
the subchapter (4.3) of the present report , the responses of actinomycin 
D treated cells (i .e. with blocked RNA-synthesis) to exogenous RNA 
will be considered. In other words, is it possible to increase the effi-
ciency of RNA taken up in cell cultures by treating them with ac t ino-
mycin D? In a follow-up experiment the influence of actinomycin on 
RNA-treated cells will be compared with the effects on cultures not 
receiving such treatment . 
The action of yeast RNA on cultured cells was described in the p r e -
vious chapter. As the result of this work, the following questions may 
be put: do these effects depend on the separate bases or on the whole 
macromolecule (4.1)? If the latter is the case, is the origin of the m a -
cromolecule significant (4.2)? Finally, a r e there s imilar i t ies between 
effects of exogenous RNA on control cells (with normal endogenous 
RNA synthesis) and on cells whose RNA synthesis is inhibited (4.3)? 
4.1 THE INCUBATION OF CHANG LIVER CELLS WITH URIDINE, TI IY-
MIDINE, DEGRADED YEAST RNA AND NUCLEOSIDE MIXTURES 
The purpose of the experiments in this section is to determine whether 
incorporated par ts or fragments of nucleic acids produce the s a m e 
response as the fully polymerized macromolecules. In the first p lace , 
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the effects of exogenous uridine (4.1.1) and thymidine (4.1.2) on cul­
tured cells a r e investigated, as these organic bases a r e peculiar to 
RNA and DNA respectively. Fur thermore, of these two thymidine seems 
particularly appropriate for study because of numerous experiments 
in which DNA has been identified as being uniquely responsible for 
transformation in bacteria, i.e.: do cells respond differently to thymi­
dine than they do to whole DNA molecules and, if so, a r e there detect­
able cellular responses which specifically result from treatment with 
the nucleoside? 
Although the effects of thymidine might be more appropriately con­
sidered in section 4.3 which deals with physiological conditions in cul­
tured cells intended for treatment, it is placed here because of its per­
tinence to the group of experiments in which whole nucleic acid macro-
molecules a r e compared with their constituent subunits. Hxperiments 
dealing with the influence of orotic acid on cultured Chang liver cells 
a re also included intheprcsent section, i.e. if, as established by GUS-
TAFSON et al. (1962), uridine produces in v i t r o effects which para l­
lel those resulting from treatment with whole yeast RNA molecules, 
it seems pertinent to assay the extent to which p r e c u r s o r s of uridine 
modify known parameters of cell growth in v i t r o . 
4.1.1 E f f e c t s of a d d i n g u r i d i n e t o c e l l c u l t u r e s 
On the basis of experiments with Chang liver cells, GUSTAFSON 
et al., (1961 and 1962) observed that uridine alone was capable of r e ­
placing yeast RNA (previously used by KLEIN in 1960 and 1961) in the 
induction of arginine-dependent synthesis of arginase. GILLIN (1965) 
in studies on the regulation of pyrimidine synthesis in Chang liver cells, 
found that uridine (0,4 mM) did not specifically induce changes in syn­
thesis of aspartate transcarbamylase, even though it did produce a 
slight augmentation in total protein and total number of cells/ml culture 
medium. 
In three se r ie s of experiments, Chang liver cells were incubated in 
media containing 0,4 mM, 0,8 mM and 2,7 mM uridine respectively. If 
the action of RNA on cells in v i t r o may be exclusively attributed to 
the uridine it contains, and if it may be assumed that RNA is ca. 25% 
uridine by weight, then 97 |i.g uridme/ml (+ 0,4 mM) might be expected 
to produce the same effects as 400 μg RNA/ml. 
4.1.1.1 Incubation with 0,4 mM uridine 
Procedure: 
Two cell-suspension cultures were set up with 250 ml of cells each 
(0,63 χ 106 cel ls/ml). The controls, A, received 25 ml additional me­
dium whereas 16 ml of the uridine solution was added to the expéri-
mentais, В, bringing the final uridine concentration to 0,4 mM. Six 
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T a b l e 26 
The influence of uridine-supplemented media (0,4 mM) 
on the rate of cell multiplication 
and on assayed nitrogen, protein, total nucleic acid and on RNA 
(per 106 cells) in Chang liver cell cultures. 
































































































hours after the beginning of the experiment, difficulties developed with 
the stirring of the cultures and therefore the assays were made only 
after 6, 30,5 and 48 hours of incubation, see table 26. 
Incubation in 0,4 mM uridine does not produce cultures which appear 
significantly different from the controls. 
4.1.1.2 Incubation with 0,8 mM uridine 
Procedure: 
Two cell-suspension cultures were set up with 250 ml cells each 
(0,63 χ IO6 cells/ml). The controls. A, received 25 ml additional me­
dium whereas 32 ml of uridine solution was added to the expérimentais, 
В, bringing the final concentration to 0,8 mM. 
Although, in the course of the incubation, changes (increases or de­
creases) in nitrogen, protein, nucleic acid and RNA content paralleled 
each other, see table 27; there is no apparent difference between ex­
périmentais and controls at this uridine concentration (0,8 mM uridine). 
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T a b l e 27 
The effects of (0,8 mM) uridine-supplemented medium 
on the rate of cell multiplication 
and on assayed nitrogen, protein, total nucleic acid and on RNA 
(per 106 cells) in Chang liver cell cultures. 
















































































































The doubling times were respectively: 
Т А = 29,3 + 0,6 hours 
T B = 34,3 + 2,0 hours 
The DNA content per 106 cells was 19,3 + 0,4 μg. 
4.1.1.3 Incubation with 2,7 mM uridine 
Procedure: 
Three cell-suspension cultures were set up with 250 ml cells each 
(0,60 χ 106 cells/ml). The controls. A, received 25 ml additional me­
dium whereas 25 ml of the uridine solution was added to each of the 
experimentáis, В and С, bringing the final uridine concentration to 2,7 
mM. For results see table 28, and figures 18 and 19. 
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T a b l e 28 
The effects produced in Chang liver cell cultures during incubation 
(48,5 hours) in uridine-supplemented media (2,7 mM). 
Determined were, rate of cell multiplication (cells/ml) 
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The DNA content per 1θ6 cells was 19,9 + 0,5 μg. 
Т А : 35,4 + 1,8 hours 
T B : 44,0 + 1,9 hours 
T c : 45,2 + 1,7 hours 
From: (1) examination of plots showing rates of cell multiplication 
(i.e. log of the number of cells against time), and the doubling time 
determinations (see values for Тд, Tß and Tc) and (2) the failure to 
observe dead cells at any time during incubation, the conclusion may 
be drawn that augmentation of protein, nucleic acids and RNA in cul-
tures treated with 2,7 mM uridine becomes significantly different from 
corresponding control values after 48,5 hours incubation (but not 
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Fig. 18. Semilogarithmic plot of the number of Chang liver cells per ml 10^ versus 
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Fig. 19. The increase per 10^ cells in % of control of the amount of protein, total ΝΛ 
and RNA in Chang liver cells by mcubatingthem 4'5or 48 hours with 2,7 resp. 0,8 mM 
uridine. 
earlier). That is, these significant differences become apparent only 
at uridine concentrations which are 6,75 times higher than those ex­
pected in 400 μg RNA/ml. 
I l l 
4.1.2 E f f e c t s of a d d i n g t h y m i d i n e to c e l l c u l t u r e s 
It is wel known that high thymidine concentrations block cell multi­
plication (MORRIS and FISHER, 1963) by inhibiting DNA synthesis and 
therefore such concentrations may be used to obtain synchronous cell 
division in v i t r o (XEROSI1962 and BOOTSMA et al., 1964). GILLIN (1965) investigated the influence of thymidine (0,4 mM) on the synthesis 
of aspartate transcarbamylase in Chang liver cells; he obtained more 
pronounced results than those obtained in the writer's laboratory with 
3,4 mM thymidine on cell multiplication and protein synthesis. 
In the present experiments, Chang liver cells were incubated in two 
different thymidine concentrations (0,4 mM and 3,4 mM) and in media 
containing both thymidine and uridine. 
4.1.2.1 Incubation with 0,4 mM thymidine 
Procedure: 
Two cell suspension cultures were set up with 250 ml of cells each 
(0,63 χ 106 cells/ml). The controls. A, received an additional 25 ml 
of medium, whereas 25 ml of thymidine solution was added to the ex­
périmentais, В, bringing the final concentration to 0,4 mM. See table 
29. 
T a b l e 29 
The effects of thymidine-supplemented medium (0,4 mM) 
on the rate of cell multiplication 
and on nitrogen, protein, total nucleic acid and RNA (per 10^ cells) 
in cultures of Chang liver cells. 































































































Cell growth is not completely blocked (i.e. Τ = 67,4 + 1,0 hours). 
112 
4.1.2.2 Incubation with 3,4 mM thymidine 
Procedure: 
Three cell-suspension cultures were set up with 250 ml cells each 
(0,60 χ 106 cells/ml). The controls, A, received an additional 25 ml of 
medium whereas 25 ml thymidine solution was added to each of the ex­
périmentais, В and С, to bring the final concentration to 3,4 mM. 
From examination of table 30 and figure 20, it is evident that cell 
growth in thymidine media (B and C) is completely arrested. The DNA 
content регЮб cells was 19,1 + 0,3 μg. Increases in protein, nucleic 
acid and RNA per 10^ cells are already detectable in the samples taken 
after 20 hours incubation. 
T a b l e 30 
The effects induced by thymidine (3,4 mM) in Chang liver cell cultures 
Parameters examined were rate of cell multiplication 
(i.e. number of cells per ml) as well as assays 
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Fig. 20. The increase per 10^ cells in % of control of the amount of protein, total NA 
and RNA in Chang liver cells by incubating them 48,5 or 48 hours with 3,4 resp. 0,4 
mM thymidine. 
4.1.3 E f f e c t s of a d d i n g a m i x t u r e of u r i d i n e and t h y m i ­
d i n e 
The results in 4.1.1 and 4.1.2 suggest the need of testing for the ef­
fects of thymidine-uridine mixtures, especially in view of demonstra­
tions by COLLIER (1963) that mammalian cells incorporate uridine 
into DNA as well as RNA simultaneously. 
Procedure: 
Four cell-suspension cultures were set up with 250 ml of cells each 
(0,63 χ 106 cells/ml). The controls, A and B, received an additional 
25 ml of normal medium whereas mixtures containing equal amounts of 
thymidine and uridine (25 ml) were added to each experimental culture, 
С and D, giving a final concentration of 0,4 mM nucleotide (with U : Τ 
ratio being 1 : 1). 
A significant difference between thymidine-uridine treated cultures 
and controls is already detectable after 23 hours1 incubation. (See 
table 31 and figure 21). It seems that the effect of the uridine-thymidine 
mixture can be ascribed to the thymidine-component. 
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T a b l e 31 
The effects of 0,4 mM(uridine plus thymidine) in Chang liver cell cultures 
maintained at 3v0C for 45 and 48 hours respectively in two trials 
Assays included are cell counts per ml, together with concentrations 




































































































































































T A = 29.3 + 0,6 hours 
T B = 28,9 + 1,0 hours 
T c = 47,5 + 2,2 hours 
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Fig. 21. The increase per 10^ cells in % of control of the amount of nitrogen, protein, 
total NA and RNA in Chang liver cells by incubating them 45-48 hours with 0,4 mM 
uridine-thymidine mixture (U/T=l). 
4.1.4The a c t i o n of a d d e d o r o t i c a c i d 
The testing of orotic acid, a precursor in pyrimidine biosynthesis, 
in our cell system is prompted by the research of GUSTAFSON, ELIAS-
SON and ROS ENG REN (1962). These authors demonstrated that uridine 
was capable of mimicking yeast-RNA by inducing an acceleration of 
arginase synthesis in media containing excess arginine. 
Procedure: 
Three cell-suspension cultures were started with 300 ml of cells 
each (0,53 χ 1θ6 cells/ml). The controls, A, received an additional 10 
ml of medium while В and С received 10 and 5 ml orotic acid respec­
tively, making the final concentration in B: 2,5 mM and in C: 1,25 mM. 
The parameters examined, i.e. doubling time as well as protein, nu­
cleic acid and RNA content/10^ cells, do not reveal differences between 
control cultures and those containing orotic acid, see table 32 and 
figure 22. 
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Fig. 22. The increase or decrease per 10^ cells in % of control of the amount of pro­
tein, total NA and RNA in Chang liver cells by incubating them 41,5 hours with 2,50mM 
or 1,25 mM orotic acid. 
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T a b l e 32 
The effects of 2,50 mM (B) and 1,25 mM (C) orotic acid 
on the rate of cell multiplication, protein, total nucleic acid 
and RNA concentration (expressed per 10^ cells) 































































































































4.1.5 A d d i t i o n of d e g r a d e d y e a s t RNA and n u c l e o s i d e 
m i x t u r e s 
A logical follow-up experiment in order to study the effects of the 
single nucleosides thymidine, uridine (and orotic acid), might be one 
on the influence of degraded yeast RNA and nucleosides. This seems 
particularly appropriate in view of experiments reported by GOTTO 
(1964) who found that nucleosides were operative in accelerating protein 
synthesis, but only in the absence of glucose. On the other hand, exo­
genous nucleotides were able to produce similar acceleration only in 
media containing glucose. 
117 
Procedure: 
In the first series of experiments, four cell suspension cultures were 
started with 300 ml of cell-containing media (0,61 χ 1θ6 cells/ml). 
Fifteen ml of culture medium was added to each of the controls; A and 
D; culture В was diluted with 15 ml of degraded yeast RNA solution 
containing 10.000 μg RNA/ml (see chapter 2); and the last of the cul­
tures, C, received 15 ml of degraded yeast RNA solution containing 
5.000 μg RNA/ml, bringing the final RNA concentration in В and С to 
480 and 240 μg/ml respectively. 
In the second series, cultures were each started with 300 ml of cell 
suspension (0,945 χ 1θ6 cells/ml). Controls, A, received an additional 
15 ml of medium, while 15 ml of 5.000 μg degraded yeast RNA/ml was 
added to cultures listed as B, giving a final concentration of 240 μg/ml. 
In the third series, cell suspension cultures with 0,61 χ 10^ cells/ 
ml were used for setting up two cultures. The controls, A, received 
an additional 15 ml of medium, whereas the expérimentais, В, received 
15 ml of a nucleoside solution with adenosine, uridine, guanosine and 
cytidine in the ratios 3 : 3 : 2 : 2 respectively, giving a final culture 
medium with 240 μg nucleoside/ml. 
The results are given in the tables 33 and 34. 
Table 33 = first and second series 
Table 34 = third series. 
If the nucleotides used by GOTTO (1964) for accelerating protein 
synthesis in v i t r o are comparable with the degraded RNA used here 
disparity becomes apparent. That is, in the present system, accelera­
tion of protein synthesis was observed only at the beginning of the ex­
periments and after 44 hours' incubation. In these two RNA-treated 
series (first and second) it may further be noted that figures showing 
increase/decrease in synthesized protein during incubation are not 
paralleled by the corresponding nucleic acid and RNA curves, an effect 
not seen in cultures set up with nucleoside mixtures (third series). In 
the latter, synthesized protein, nucleic acid and RNA curves are all 
parallel, see figure 23. 
Incubation in the nucleoside mixture does not result in accelerated 
rates of cell reproduction or in accumulation of protein, nucleic acids 
and RNA above control levels. Indeed there appears to be a slight de­
pression of these parameters. 
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T a b l e 33 
Effects produced by media 
containing 480 and 245 μg degraded yeast RNA/ml 
on the rate of cell growth (i.e. number of cells/ml at spaced intervals) 
and on concentrations (expressed per 10" cells) 
of protein, total nucleic acid and RNA per 106 cells. 
































































































































































































T a b l e 34 
Effects produced by media containing 245 μg of mixed nucleosides/ml 
on the rate of cell growth 
(measured as the number of cells per ml growth medium) 
and on concentration ofprotein, total nucleic acid and RNA per 106 cells. 






















































































The DNA content per 106 cells was 19,2 + 0,3 μg. 
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Fig. 23. The increase ordecrease per 10^ cells in % of control of the amount of pro­
tein, total NA and RNA in Chang liver cells caused by incubating them 46 hours with 
480 or 240 μg nucleotides from depolymerized yeast RNA/ml or 240 μg nucleoside -
mixture/ml. 
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4.1.6 S u m m a r y 
Of the uridine-supplemented media (0,4, 0,8 and 2,7 mM) tested in 
incubation periods lasting up to about 45 to 48,5 hours for possible 
changes produced in Chang liver cells, only those cultures kept for 
48,5 hours in 2,7 mM uridine exhibited higher protein-, nucleic acid-
and RNA concentrations (per 10 6 cells) than the controls, and with that 
concentration growth was slowed down. 
Incubation in both thymidine concentrations tested, 0,4 and 3,4 mM, 
resulted in a significant elevation of nitrogen, protein, nucleic acid and 
RNA content per 10^ cells with the former of the two concentrations 
being m o r e effective. These increases were detectable after 20 hours ' 
incubation. Cell growth was significantly retarded in 0,4 mM and com­
pletely stopped in 3,4 mM thymidine. 
Uridine-thymidine mixtures (0,4 mM base concentration with the 
U :T r a t i o being 1:1) also gave detectable increases in nitrogen, p r o ­
tein, total nucleic acid and RNA per 106 cells after 23 hours incubation 
at 37 0 C. Cell growth was also retarded here but not to the extent ob­
served in media supplemented only with 0,4 mM thymidine. 
Media containing orotic acid did not give observable effects on the 
p a r a m e t e r s assayed. 
The p r e s e n c e of degraded yeast RNA in media (480 μg/ml and 240 
μg/ml) resul ted in elevated protein, total nucleic acid and RNA levels 
(per 106 cel ls) but only at the beginning of the t r ia l runs and after 44 
hours' incubation. However, ina parallel ser ies of experiments involv­
ing concentrations of mixed nucleosides identical to the two cited above 
for RNA, t h e r e were no detectable effects. 
The fai lure of the increase in protein during incubation to parallel 
that of nucleic acid was observed only in cultures containing degraded 
yeast RNA. 
In al l of the experiments in this subchapter (4.1) the DNA content 
per 106 ce l l s remained unchanged. 
4.2 NUCLEIC ACIDS OF DIFFERENT ORIGIN 
In eight prel iminary experiments, variation in effects produced by 
prolonged exposure to different nucleic acid species were tested with 
Chang l iver cells and Le(Ie). As in previous chapters, cell counts to­
gether with amounts of protein, NA and RNA per 10 6 cel ls were used 
for es t imat ing the effects. 
4.2.1 C a l f l i v e r c e l l s 
Exp. 1.: 
Procedure (completed in duplicate): 
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Sixteen similar Dy cultures were started from 2 D7 Le(Ie) with pre­
cautions being taken to provide for uniformity. After 24 hours at 370C 
the medium was renewed and calf thymus DNA (500 μg/ml) was added 
to 8 cultures. The cultures were incubated 70 hours and cell counts as 
well as assays of NA and RNA were carried out. 
Results are given in table 35. 
Exp. 2.: 
Procedure: 
48 Hours after subculturing in 18 D7, medium was discarded and the 
cells treated for a short time with sterile 0,6 M NaCl solution. After 
this, the cultures were incubated in medium for 72 hours containing 1114 
μg calf thym us DNA/ml or 1114 μg NA (yeast-RNA/calf-thymus DNA = 
1) or in normal medium. 
Results are tabulated in table 36. 
Exp. 3.: 
Procedure: 
While keeping containers and transfer techniques as uniform as pos­
sible, 45 D7 were prepared from 6 D7 stock cultures. 24 hours later 
the medium was renewed; 18 cultures received 225 μg RNP/ml; the 
other controls only normal medium. Every 24 hours 3 D7 flasks were 
used from controls and expérimentais for determinations of cell num-
bers, NA, RNA and protein. 
The results are given in table 37. 
T a b l e 35 
The effect of500μg calf thymus DNA/ml on the number of Le(Ie) cells 
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T a b l e 36 
Number of Le(Ie) cells/ml χ 1θ6 and protein content/106 cells 
in control cultures and in expérimentais, 
containing 1114 μg DNA/ml or 1114 μg NA (RNA/DNA = l)/ml 
120 hours after subculturing, 72 hours after renewal of the medium 
and pretreatment (0,6 M NaCl, 370C, either for 0,5 or 7 minutes) 
Duration 






















Changes ι η protein 
content per 10° cells 










T a b l e 37 
The amount of protein, N A and RNA per 10^ Le(Ie) cells in controls (A) 
and in cultures incubated with calf liver RNP (225 με/ιηΐ) (В) 
during the 48 hours period elapsing between the 65th and 113 hours 












































































Tcontrol· 41,1 + 1,8 hours 
T R N P : 39,4 + 0,6 hours 
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The data from experiment 2 on effects of calf thymus DNA, not 
preceded by hypertonic pretreatment in 0,6 M NaCl, i.e. 0 minutes 
pretreatment (table 36) show only a slight increase per 10^ cells in % 
of control. However, on the amount of protein (cfr. table 35) hypertonic 
pretreatment was apparently more efficient in accentuating the effect 
of the nucleic acid mixtures than that of DNA alone. An effect of the 
incubation with RNP on the doubling time of Le(Ie) is not detectable. 
Just as in 2.5.1 it is shown in table 37 that in the controls 113 hours 
after subculturing the amount of N A and RNA per 10^ cells is decreased. 
Therefore appears in expérimentais the high increase per 10^ cells 
in % of control. 
T a b l e 38 
The effect of 400 μg/ml low molecular weight Tetrahymena RNA 
on cell number and amounts of N, protein, NA and RNA 
















































































































Т А : 29,3 + 0,6 hours 
Tß : 27,3 + 3,0 hours. 
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4.2.2 C h a n g l i v e r c e l l s 
Exp. 1.: 
Procedure: 
Two suspension cultures were started with 250 ml cells each (0,63 χ 
1θ6 cells/ml); an additional 25 ml medium were added to the control (A) 
and 20 ml of low molecular weight T e t r a h y m e n a RNA (400 μg/ml 
final concentration) to the expérimentais (В). 
Results are given in table 38. 
Exp. 2.: 
Procedure: 
Two suspension cultures were started with 300 ml cells each (0,49 χ 
1θ6 cells/ml) in which the controls (A) received an additional 15 ml 
medium and the expérimentais (В), 15 ml high molecular weight T e ­
t r a h y m e n a RNA (80 μg/ml final concentration). 
Results are tabulated in table 39. 
T a b l e 39 
The effect of 80 μg/ml of high molecular weight T e t r a h y m e n a RNA 
on Chang liver cells 
At spaced intervals during a 44 hours incubation, 





















































































T A : 25,1 +0,8 hours 




Two suspension cultures were started with 250 ml cells (0,60 χ 1θ6 
cells/ml) each. Flask A, the control, received an additional 25 ml me­
dium and B, the test flask, received 25 ml of cytoplasmic RNA from 
bovine liver, giving a final concentration of 273^.g/ml. 
Results are summarized in table 40. 
Exp. 4.: 
Procedure: 
Two cell suspensions were started with 300 ml cells each (0,83 χ 106 
cells/ml). The control (A) received an additional 15 ml medium where­
as 15 ml of nuclear calf liver RNA were added to flask B, giving the 
final concentration of 260 μg/ml. 
Results are shown in table 41. 
T a b l e 40 
The influence of bovine liver cytoplasmic RNA (273 μg/ml) 
on changes in cell number and amounts of protein, NA and RNA/106 
Chang liver cells during an incubation period of 48,5 hours 
Cul­

























































































Т А : 35,4 + 1,8 hours 
T B : 33,8+1,2 hours 
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T a b l e 41 
The effect of RNA from calf liver nuclei (260 μg/ml) 
on Chang liver cells in v i t r o . 
Cell number and amounts of NA and RNA/106 cells were measured 



























































































Тд : 30,0 + 1,0 hours 
T B : 30,5 + 1,0 hours 
Low molecular weight T e t r a h y m e n a RNA (400 μg/ml) was less 
effective than the high molecular weight form (80 μg/ml). Neither the 
cytoplasmic nor the nuclear RNA from calf liver produced significant 
changes in RNA and NA and protein/106 cells, compared with the con­
trols. 
4.3 EFFECTS OF ACTINOMYCIN D, YEAST RNA OR NUCLEOTIDES 
IN DIFFERENT COMBINATIONS ON CHANG LIVER CELLS SUB­
SEQUENTLY INCUBATED WITH YEAST RNA OR ACTINOMYCIN D 
BORRISS (1964 and 1965) and YOON (1965) observed that effects of 
exogenous RNA on cell cultures were subject to modification produced 
by the physiological condition of the cell. One such condition might be 
arrest of endogenous RNA synthesis as is produced by actinomycin 
127 
(CHORAZY, 1965). For example, WIESNER et al. (1965) recently re­
ported that the arrest of RNA synthesis caused by actinomycin (1 μg/ml) 
in mouse fibroblasts was associated with progressive loss of a major 
proportion of the cell's RNA. It is already established (chapter 3) that 
yeast RNA stimulates an increase in protein- and NA-content per 10^ 
cells but it is not yet known whether the exogenous RNA operates as 
such or whether it is first broken down and incorporated into endogenous 
RNA (cfr. chapter 1). Therefore the purpose of treating Chang liver 
cells with actinomycin D were: 
1. to determine whether this antibiotic renders host cells more sensitive 
to exogenous RNA and 
2. to study eventual changes in foreign RNA molecules after they enter 
the cell. 
4.3.1 T h e e f f e c t s o f d i f f e r e n t a c t i n o m y c i n D c o n c e n t r a ­
t i o n s on C h a n g l i v e r c e l l s i n g l u t a m i n e f r e e m e d i a 
w i t h and w i t h o u t s u b s e q u e n t i n c u b a t i o n in y e a s t 
RNA 
First, in order to determine whether actinomycin exerts an influence 
on synthesis of a specific enzyme, arginase activity was assayed in 
cultures receiving actinomycin D during glutamine starvation (20 hours). 
Measurements on the enzyme were made at selected intervals during 
a 6-hour incubation immediately following re-addition of glutamine to 
the cultures. The optimal actinomycin D concentration was in collabo­
ration with ELIASSON determined as follows: 
Procedure: 
The cells of a 2-day-old culture (0,97 χ 1θ6 cells/ml) were resus-
pended in glutamine free medium containing 0,1 mM MnCl2 (ELIASSON, 
1965) and distributed among 6 flasks as follows: A and F (controls 
without antibiotic) and B, C, D and E with 0,2, 0,1, 0,05 and 0,025 μg 
actinomycin D/ml *) respectively. Media were replenished with glu­
tamine after 20 hours of the actinomycin D treatment (= exp. hour: 0) 
and 6 hours later (26 hours after the beginning of actinomycin D treat­
ment) the controls each received 20 ml 0,1 M NaCl and each experi­
mental, 20 ml/yeast RNA (5.000 μg/ml). 21 hours later the experiment 
was stopped. Results are tabulated in table 42 and 43. 
*) As gift from Merck , Sharp, and Dohme research laboratory to the Wenner Gren 
Institute, University of Stockholm, Stockholm, Sweden, and put at my disposal. 
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T a b l e 42 
The effect of different actinomycin concentrations on argüíase activity 
in Chang liver cells suspensions 
incubated 20 hours in glutamine deficient media. 
Enzyme assays were carried out on samples taken immediately 
after re-supplementation with glutamine as well as 6 hours afterwards. 
Arginase was also determined after 27 hours, 









































































































































NOTE: The cell numbers given here cannot be used as such to calculate 
the growth rate, as the cultures were diluted at exp.time 6 hours. 
The above table (42) shows, first of all, that cells which had been 
incubated with 0,2 μg/ml actinomycin D during glutamine starvation (B) 
showed no detectable increase in arginase activity in the first 6 hours 
following glutamine resupplementation (control = 112% increase). In 
concentrations of 0,1 (C)or 0,05 (D) μg actinomycin D/ml, the suppres­
sion of arginase-synthesizing messenger RNA was only slight (ELIAS-
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SON, 1965) whereas the lowest concentration of actinomycin D (0,025 
μg/ml: E) did not produce detectable suppression and therefore pro­
bably did not affect the increase in arginase activity as ordinarily ap­
pearing in controls upon re-addition of glutamine. The variation, how­
ever, observed at the moment of glutamine addition in the arginase 
activity of the Chang liver cells did us decide to calculate the increase 
during the first 6 hours in each culture in % of the activity at exp. hour 
0. So it was possible to determine whether actinomycin D exerts an in­
fluence on the synthesis of arginase. 
Yeast RNA was not able to elevate arginase activity in cell cultures 
to the order of magnitude as in the controls (A). 
In table 43 is shown the effect of the yeast RNA on the amount of pro­
tein and NA/106 cells. 
T a b l e 43 
The yeast RNA effect on NA and protein content/lO^ Chang liver cells 
in various actinomycin concentrations during glutamine starvation. 
Assays were made on samples taken when yeast RNA (833 μg/ml) 
was added: 6 hours after terminations of glutamine starvation 
(exp. 6 hours) and finally 21 hours later (exp. 27 hours) 
Cul­
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6 hours after 
glutamine 
addition 
47 h r s actino­
mycin treatment 
27 h r s after glu­
tamine addition 
21 h r s after 
RNA addition 
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The yeast RNA was not able at all to restore the effect of the actino-
mycin D treatment. It must be noted that in this experiment at exp. h. 
27 in cultures В and E 30% of the cells were dead. It seems that the 
combination of glutamine starvation and actinomycin D treatment, 6 
hours later followed by a 20% dilution of the cultures with yeast RNA 
in this relative high concentration of 833 g/ml medium, decreased 
the viability of the cultures. The effects of RNA incubation are there­
fore doubtfull. Summarizing it can be, however, stated that 0,2 μg acti­
nomycin D/ml culture was the most effective concentration in relation 
to the 3 other ones examined. 
4.3.2 E f f e c t p r o d u c e d by a 20 h o u r t r e a t m e n t of C h a n g 
l i v e r c e l l s in 0,2 μg a c t i n o m y c i n D / m l s p i n n e r 
c u l t u r e m e d i u m w i t h and w i t h o u t s u b s e q u e n t i n c u ­
b a t i o n in y e a s t RNA 
In the following experiments, cells taken from 2 days old cultures 
after centrifugation, were resuspended in normal spinner medium in­
stead of glutamine deficient medium. 
Patterning the first experiment after those of GILLIN (1965), the in­
fluence of 0,1 μg actinomycin D/ml was tested. The results showed only 
a slight decrease in amount of RNA/106 cells even after 26 hours. The 
near absence of depression in RNA in our attempts could be due either 
to the high cell density of the suspensions (0,90 χ 10^ cells/ml; GILLIN 
used 0,4 and 0,5 χ 1θ6 cells/ml) or to an inactive batch of actinomycin 
D. Therefore the following repeat-experiments were carried out with a 
new batch of actinomycin D (0,2 μg/ml cell suspension) and with fewer 
cells per ml. 
Two parallel experiments were tried, one designed for clarifying how 
Chang liver cells react to actinomycin D (0,2 μg/ml) and the other, for 
investigating the possibility of reversing the actinomycin-effect as 
achieved, for example, by AMOS (1963) with the help of E. coli RNA 
(cfr. chapter 1). 
Exp. 1.: 
The yeast RNA was added to cultures В and С immediately after the 
taking of the sample (either the 20th or 26th exp. hours) giving total 
volumes at these two times of 250 and 200 ml respectively. The last 
samples were taken at experimental hour 43,5. 
Actinomycin D effects can be checked: 
a. during the 20 or 26 hour period in В or С with culture A serving as 
a control; 
b. during the 43,5 hour period in E using D as the control. 
The effects of yeast RNA on cell cultures treated with actinomycin 
D can be examined by comparing: 
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a. changes induced incultures В and С during the 23,5 resp. 17,5 hour 
incubation, with culture A; 
b. changes observed inculture F, during the 43,5 hour incubation, with 
cultures E and D. 
The results are shown in tables 44 and 46. 
Procedure: 
6 suspension cultures (0,82 χ 1θ6 cells/ml) were started according 


















Addition at exp. 































































3 suspension cultures were started (0,77 χ 10^ cells/ml) according to 






















Addition atexp.hour 20,5 
of depol. RNA 
(10.000 μ 8 / 
ml) 
10 



















T a b l e 44 
The effect of 0,2 μg actinomycin D/ml on protein, NA and RNA 
per 106 Chang liver cells incubated in suspensions for 43,5 hours 
with yeast RNA (455 ug/ml in final concentration) being added as follows: 
at hour 0 to F, hour 20 to В and hour 26 to C. 






































































































































































































































The depolymerized RNA was added immediately subsequent to taking 
the sample (at exp. hour 20,5) with the final volumina totaling 200 ml. 
The effect of actinomycin D can be tested by comparing changes ob­
served in Q and R, during a 20,5 hour incubation, with P. 
The effect of denatured RNA on actinomycin D-treated cultures may 
be deduced by comparing changes in Q and R, during a 26,5 hour incu­
bation, with P. 
The results are summarized in table 45. 
The effects of 0,2 μg actinomycin D/ml only are indicated in table 46. 
T a b l e 45 
The effect of 0,2 μg actinomycin D/ml on protein, N A and RNA/106 cells 
in Chang liver cells incubated 46,5 hours with depolymerized RNA 
being added at hour 20,5 as follows: 
lOmlofnormalmediumtoP, 10 ml depolymerized RNA (10.000μg/ml) 
to Q and 10 ml depolymerized RNA (5.000 μg/ml) to R. 






















































































































































EFFECT OF ACTINOMYCIN (0.2 j i g / m l ) ° · Ρ Ι Π Ε Ι Ι 
ON CHANG LIVER CELLS · · »««« ""· 
• ° »ι» 
АО 
hours incubation 
Fig. 24. The effect of 0,2 μg actinomycin D/ml suspension culture of Chang liver cells 
during a 43,5 hours cultivation period on the amount of protein, total NA and RNA per 
1ÜÖ cells. 
1. The two control series, A and D, underwent parallel changes. Even 
though the rate of growth was normal in both, see figure 24, the 
protein, NA and RNA content per 10^ cells was lower after 43,5 than 
after 26 or 27,5 hours. 
2. In both experiments (1 and 2) actinomycin-treated cultures showed 
decreased levels of protein, nucleic acid and RNA per 10^ cells, see 
table 46. It is furthermore apparent that actinomycin-induced depres-
sion in endogenous RNA levels (per 1θ6 cells) became earlier, and re­
mained in effect longer, than lowering of protein content (see also 
TRAMS, 1965). The actinomycin D (0,2>g/ml) effect on total NA per 
106 cells was less pronounced than on RNA/lO^ cells but more pro­
nounced than on protein/106 cells. WIESNER et al. 1965 found that 
cellular RNA content of mouse fibroblasts decreased after incubation 
with actinomycin, whereas protein and DNA content remain unchanged. 
After 24 hours' incubation they observed a 45% decrease in RNA content 
(i.e. 36,6 μg RNA/106 cells at exp. hour 0 and 21,4 μg RNA/106 cells 
at exp. hour 24). In agreement with their results, the present data 
show that a large proportion of the endogenous RNA is degraded after 
cells are exposed for many hours to actinomycin concentrations capable 
of completely blocking RN A neosynthesis, and that there is only a slight 
decrease in protein/106 cells. 
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It should finally, however, be mentioned that according to WIESNER 
et al..suspension cultures, in contrast with monolayers lost DNA when 
treated for 1 8 - 2 4 hours in 1 μg actinomycin/ml; these authors attri­
buted this differential response to the lower tolerance of the suspension 
cultures to actinomycin even though the decrease in RNA concentration 
was comparable in the two types of cultures. 
The present data do not reveal a depression of DNA content/lO^ cells 
(19,5 + 0,3 μg/106 cells), possibly because the actinomycin concentra­






EFFECT OF ACTINOMYCIN D 0,2 pg/nU 









к acti nomycin 
0.5-
8 16 24 32 40 48 hours 
Fig. 25. The changes in % of control in the amount of protein/ml, RNA/ml and the 
number of Chang liver cells by incubating them with 0,2 μg actinomycin D/ml culture. 
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3. Simultaneous addition of yeast RNA with the actinomycin D retarded 
the latter's effect on protein, NA and RNA/lO^ cells, but did not 
completely reverse it (cfr. cultures D, E, F). 
4. The addition of yeast RNA to В after 20 hours and С after 26 hours 
in exp. 1 did not produce detectable changes. 
5. In comparison with data in table 45 and table 46, addition of depoly-
merized RNA in exp. 2 did not produce any significant changes in 
the assayed parameters: NA and RNA/IO^ cells in both tables being 
approximately equivalent. It seems therefore necessary that the RNA 
must enter the cells undegraded in order to effect the same changes 
as observed by AMOS (1963). 
T a b l e 46 
The decrease in protein, NA and RNA/іОб cells 
in cultures treated with 0,2 μg actinomycin D/ml for 43,5 hours. 















































Decrease per IO 6 cells 












































4.3.3The e f f e c t of a c t i n o m y c i n D on R N A - t r e a t e d 
C h a n g l i v e r c e l l s and t h e e f f e c t of y e a s t RNA on 
a c t i n o m y c i n - t r e a t e d C h a n g l i v e r c e l l s in n o r m a l 
s p i n n e r m e d i u m 
Finally reciprocal experiments were carried out in which yeast-
RNA was added to cells treated only 5 hours with 0,2 μg actinomycin 
D/ml and in which the effects of actinomycin D on cultures incubated 
5 hours in yeast RNA were studied. 
Procedure: 
A cell suspension (0,68 χ 10^ cells/ml) was divided among 4 culture 
vessels with actinomycin D (10 μg/ml) and yeast RNA (5.000 μg/ml) 





















































Cell samples were taken for analyses immediately prior to addition 
of these respective reagents (exp. hour 0, see entry S), after 5 hours 
pretreatment (i.e. before the addition of yeast RNA and actinomycin 
D in flasks A and В respectively) and after 19, 27 and 44 hours. The 
final concentrations of RNA and actinomycin D used were 690 and 
0,2 μg/ml culture medium respectively. The results are summarized 
in table 47, and in the figures 26 and 27. 
Even though the addition of actinomycin D to cells already incubated 
with yeast RNA produced a clear drop in amounts of N, protein, NA 
and RNA per cell (B), more pronounced decreases were observed in 
cultures treated only with actinomycin D from the beginning (D). On 
the other hand, the addition of yeast RNA to cells already treated for 
5 hours with actinomycin D induced partial, but not complete, recovery 
of N, protein, NA and RNA levels per cell (compare the actinomycin-
RNA treated cultures A with those receiving only RNA, С). The dis-
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T a b l e 47 
The effect of yeast RNA (690 μg/ml) on cultures treated 5 hours 
with 0,2 μg actinomycin D/ml (A and D) 
and the effect of actinomycin D (0,2 μg/ml) on cells 
incubated 5 hours with 690 μg yeast RNA/ml (B and C). 
Samples were taken at spaced intervals 
during the 44 hours incubation period 
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similarity between cells grown with yeast RNA only (C) and those in­
cubated in actinomycin (D) only can be diminished by: 
1. attenuation of the RNA effect by addition of actinomycin D and by: 
2. weakening of the actinomycin effect by RNA. After 19 hours for 
example, the % difference between cultures receiving only actino­
mycin (D) and the other three (А, В and C) are shown in table 48. 








20 25 30 35 UH 15 hours 
Fig. 26. The effect of 690 μg yeast RNA/ml on Chang liver cells treated for 5 hours 
with 0,2 μgactmomycin D/ml and the effect of 0,2 μg actlnomycin D/ml on Chang liver 
cells incubated for 5 hours with 690 μg yeast RNA/ml, expressed in the amount of 
NA and RNA per 106 cells. 
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Fig. 27. The effect of 690 μg yeast RNA/ml on Chang liver celle treated for 5 hours 
wlthO,2μgactlnomyclπD/mland the effect of 0,2 μg actinomycin D/ml on Chang liver 
cells incubated for 5 hours with 690 μg yeast RNA/ml, expressed in the amount of 
nitrogen and protein per 10^ cells. 
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T a b l e 48 
Increase per 10^ cells in % of culture D 
Cul­






















no actinomycin, only yeast RNA; 
weakening of the RNA effect by 
addition of actinomycin; 
weakening of the actinomycin 
effect by yeast RNA. 
T a b l e 49 
The decrease per 10^ cells in amount of NA, RNA, protein and N 
resulting from incubation with 0,2 μg actinomycin D/ml 
in % of cultures (I) incubated for 5 hours in RNA 690 g/ml 
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T a b l e 50 
The increase per 10^ cells in amounts of NA, RNA, protein and N 
induced by yeast RNA (690 μg/ml) 
in % of cultures pre- incubated for 5 hours with 0,2 μg actinomycin D/ml(I) 























Increase per 10^ cells by incub.with yeast RNA in % of 
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actinomycin (5tí) 


































In order to obtain more accurate insight in the results of this expe­
riment, we have compared the following points: 
1. the effect of actinomycin D on cultures with and without pretreat­
ment in yeast RNA media; 
2. the effect of yeast RNA on cells with and without prior treatment 
with actinomycin D. 
In other words: 
1. are RNA-treated cells protected or are they more susceptible to ef­
fects of actinomycin D than controls? 
2. are actinomycin D treated cells physiologically more or are they 
less sensitive to RNA treatments than controls? 
1. Effect of actinomycin D on cultures with or without prior incubation 
with yeast RNA. 
The effects of actinomycin D (0,2 μg/ml) at least during the first 22 
hours, does not show dependance on prior incubation in yeast RNA 
(690 Mg/ml). 
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2. The effects of yeast RNA on cultures with and without pr ior incuba­
tion with actinomycin D. 
Inexp. 1 (4.3.2), the effects of incubating cells simultaneously with 
actinomycin D (0,2^g/ml) and yeast RNA (455 μg/ml) a r e indicated 
(table 44). The values repeated above in part II of table 50 were taken 
from subsection 3.1.2 in which Chang liver cells did not receive hyper­
tonic pretreatment and the 2-day-old cultures gathered at the beginning 
of the experiment were resuspended in normal spinner medium. 
It is evident in table 50 that the effects of yeast RNA were more p r o ­
nounced in actinomycin-pretreated cells than in controls . In a previous 
experiment (no.l, section 4.3.2) it was observed that addition of yeast 
RNA to cultures pretreated in actinomycin for longer periods (20 or 26 
hours) was no longer able to produce detectable elevation in the assays 
(table44); the last experiments however, show that after short incuba­
tions with actinomycin yeast RNA can decrease the deleterious effects 
of the antibiotic. 
It should finally be mentioned that, in the last experiment, cell cul­
tures were exposed to yeast RNA and actinomycin D simultaneously 
except for the first 5 hours of incubation. Centrifugation and resuspen-
sion of the cells in new medium was omitted in o r d e r to avoid increase 
in the number of variables. 
4.4 DISCUSSION 
4.4.1 D i s c u s s i o n a b o u t t h e d a t a p r e s e n t e d in c h a p t e r 3 
a n d 4 
The experiments described in chapter 3 were car r ied out in order to 
determine whether the cultures react at all to nucleic acids. For that 
reason it was decided to study the effects of commercial ly available 
yeast RNA. This product is ra ther heterogenous, and of rather low 
mean molecular weight; therefore it probably will not serve as a m e s ­
senger (like) RNA, and the effects exerted by it could as "non-specific" 
be differentiated from specific ones. In agreement with the results of 
KLEIN (1960, 1961), it was found, that the response of the Chang liver 
cells was variable when they were incubated with a given amount of 
yeast RNA. Therefore, it was important to find a method, which could 
enhance the effect of the exogenous nucleic acids and make this effect 
more regular . It was found that the described pretreatment with hyper­
tonic salt solutions (3.2) exerted this effect. 
In the third and fourth chapter several experiments a r e described 
in which part icular attention is given to the arginase activity in the 
Chang liver cel ls . KLEIN (1960) observed that addition of arginine to 
freshly isolated embryonic chick and mouse cells resulted in a higher 
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arginase activity than in the controls grown in Eagle's medium. No 
such response was found in Parker's medium 199. When yeast RNA 
(25 or 250 ug/ml medium) was added the arginase activity in the cells 
increased by a factor of about five and induction of the enzyme as 
response to added arginine became possible in either medium. The 
question then arose whether the phenomenon of substrate-induced en­
zyme synthesis was restricted to embryonic cells, or whether the en­
zymatic pattern of other cell types could be influenced as well. Eight 
different cell strains were chosen to represent derivatives from em­
bryonic, adult normal and malignant tissues. It was found that in no 
case addition of substrates alone caused induced enzyme synthesis in 
such cells, when they were cultivated in either of the two media used. 
Yeast RNA (250 μg/ml) was added to the growth media and after the 
cells had been grown for 2-14 days in the presence of RNA arginine 
(0,005 M) was added (KLEIN, 1961). It was now observed that, if RNA 
had been present in the medium, established cell strains cultivated 
in v i t r o for long periods could react in the same way as the cultu­
res of embryonic cells: the addition of the arginine caused a striking 
increase in arginase activity; the increase depended upon the length of 
time the cells had been cultivated with RNA. The activities were appro­
ximately doubled after 2-5 days of RNA treatment, but after 14 days 
incubation with RNA they were usually increased by a factor of about 7. 
Induction of arginase occurs even when RNA alone is added to the 
growth medium. GUSTAFSON, ELIASSON and ROSENGREN (1962) 
studied in suspension cultures of Chang liver cells the effects of yeast 
RNA(250|J.g/ml)and of the transfer into fresh medium on the arginase 
activity of these cells. In contrast with KLEIN, the latter group pre­
ferred to use cells not growing in monolayer cultures: i.e. not at­
tached to the wall of the flasks and secondly they used s e m i-synthetic 
media: Eagle's medium supplemented with 10 percent horse serum. 
The experimentáis were cultivated for 4 w e e k s in yeast RNA and 
throughout the experiment. The medium was completely changed at 
the onset of the experiment. The arginase level of the RNA-treated cells 
is about 200 percent above that of the control. Furthermore, the change 
of the medium is followed by an abrupt transient rise in activity. They 
also found that RNA alone slowly increased the arginase activity of the 
cells and that the effect of a continued treatment with RNA plus extra 
arginine was also slow. But cells which had been pretreated for 4 weeks 
with RNA alone showed a rapid response to extra arginine. The rapid 
rise in arginase activity, which occurred directly after the transfer of 
the inoculum into a fresh medium was transient and decreased again to 
a low level. A transient rise also occurred upon transfer of RNA-treated 
cells into a fresh medium, although the fluctuations occurred at a higher 
level than in the controls. Also the pronounced effect of extra arginine 
on RNA-pretreated cells was strongest in a newly inoculated culture; 
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the enzyme level tended to decrease already after the first day of cul-
tivation. 
In order to avoid these typical fluctuations and the fluctuations oc-
curring during the first 60 hours after onset of the experiments, in 
controls and expérimentais, we decided to incubate the Chang liver 
cells after pretreatment with hypertonic salt solution. In preparation 
for these experiments it was necessary to observe the effects of the 
yeast RNA on the arginase activity of the Chang liver cells using the 
refined experimental setup of ELIASSON (1965). She reported that when 
exponentially growing Chang liver cells in suspension were trans-
ferred into new medium lacking glutamine, cell multiplication stopped. 
On readdition of glutamine within 24 hours, normal growth was re -
sumed. Immediately after addition of glutamine, a rapid linear increase 
in arginase activity occurred. This elevation is actually due to an in-
crease in enzyme protein rather than to an activation. In the experi-
ments described in 3.1.2, carried out together with ELI ASSON, it was 
observed, that the addition of yeast RNA (227 μg/ml) simultaneously 
with the glutamine had a stronger effect on the rise in arginase activity 
than the addition of yeast RNA to the cells during glutamine starvation. 
In the system employed by E LI ASSON we did not find that yeast RNA 
alone, even after pretreatment with hypertonic salt solution, did en­
hance arginase activity, as observed in the experiments of KLEIN (1961) 
and GUSTAFSON (et al. 1962), see 3.2.2. Only the moment of addition 
ofthe yeast RNA caused differences in the rise of arginase activity, but 
these were still lower than in the controls. It should be mentioned that 
the glutamine-starvation, as such, strongly influences the metabolism 
of the cells, so that it might be expected, that a second treatment (with 
RNA) does not have a direct influence. Even though, in the experiments 
where a higher concentration of yeast RNA was employed, it was ob­
served that a rapid increase of arginase activity occurred in controls 
and in cells pretreated in hypertonic salt solution; in the latter group 
the enhanced activity extended over a 68 hours period. Moreover, Chang 
liver cells, w i t h o u t the preincubation in medium lacking glutamine, 
showed after pretreatment with hypertonic salt solution (chapter 3), that 
increases in yeast RNA concentrations did increase the arginase ac­
tivities, in relation to the amount of RNA given. It was also observed 
(ELIASSON, 1965), that the addition of МпСІ2 can influence the absolute 
value of the arginase activity. It may be hypothesized, that pretreat­
ment with hypertonic salt solution gives a greater uniformity in the 
response of the culture to the incubation with a given concentration of 
yeast RNA (see 3.2). 
A tentative interpretation of the effects of RNA has been given by 
KLEIN (1961). It was suggested, that the ability of a cell to change its 
enzyme synthesis depends upon the availability of RNA building blocks, 
i.e. building blocks for new templates for enzyme production. It was 
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believed that competition for available RNA precursors and amino acids 
between different enzyme-forming templates is the phenomenon basi­
cally responsible for the reviewed results. These implications are of 
course important for the whole question of loss of differentiated cha­
racter in tissue culture systems, as they suggest a general mechanism 
by which the generally nonhistotypic character of cultured cells may 
be explained in terms of competition for RNA precursors (DAVIDSON, 
1964).GUSTAFSONet al. (1962) stated that the effect of the yeast RNA 
can be accounted for in another way. Their interpretation makes use 
of the phenomenon of enzyme repression. Carbamyl phosphate is a 
component with a key position both for the formation of citrulline and 
pyrimidines. Addition of pyrimidines to the medium would then make 
more carbamyl phosphate available for the trapping of ornithine which 
might be the repressor for synthesis of arginase or metabolically 
related to the immediate repressor. If this interpretation turns out to 
be right, the arginase synthesis of the cells would be enhanced in the 
presence of uridine, and their results (GUSTAFSON, ELIASSON and 
ROSENGREN, 1962) did in fact show that uridine had this effect. With 
this interpretation it was also explained by DAVIDSON in 1964 why the 
addition of yeast RNA in the experiments of KLEIN (1961) did not en­
hance the alkaline phosphatase activity. In other words, it was supposed 
that carbamyl phosphate might be a precursor in the biosynthesis of 
both UMP and arginine. SATO et al. (1960) reported that in fast-growing 
liver cultures the ornithine transcarbamylase exhibited only 5 percent 
of the activity measured in the inoculum, from which the cultures were 
started. Moreover, in non-growing cultures in v i t r o the ornithine 
transcarbamylase was of the same order of magnitude as in the liver 
in s i t u . Finally, it was later on observed that it was doubtful whether 
Chang liver cells are able to use carbamyl phosphate for synthesis of 
arginine, because of the fact that these cells do not possess ornithine 
transcarbamylase (ELIASSON, 1966, GILLIN, 1965). 
Recently ELIASSON (1965) presented compelling evidence that the 
rate of arginase synthesis after readdition of glutamine depended on 
the amount of messenger-RNA present, and that a stable messenger-
RNA for arginase synthesis is accumulated during maintenance of the 
Chang cells in glutamine free medium. 
In 3.2.2 it was mentioned that in the experimental setup of ELIASSON 
only the high concentration of yeast RNA (825 μg/ml) did enhance the 
arginase activity in comparison with the cultures which were not incu­
bated with yeast RNA. However, Chang liver cells, without the special 
preincubation in medium lacking glutamine, showed enhanced arginase 
activity after RNA-incubation, as reported by KLEIN (1960, 1961) and 
GUSTAFSONetal. (1962). Moreover, the pretreatment with hypertonic 
salt solution immediately subsequent to the RNA-incubation resulted 
in increases of arginase activity (and in NA and protein content) whose 
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magnitude depended on the RNA concentrations used. Still, the question 
remains how the addition of yeast RNA does enhance the arginase acti-
vity. The mode of action is still unknown. It seems, that further expe-
riments must be outlined with a view to the possible function of yeast 
RNA as a derepressor. It is unlikely that the yeast RNA, as such, de-
creases the break-down of the protein, because (ELIASSON, 1965) 
presented compelling evidence that the increase in arginase activity 
was due to the synthesis of enzyme protein. 
In chapter 4, we tried to elucidate the effects of the yeast RNA on 
calf-and Chang liver cells. In subsection 4.1 it was observed that exo-
genous nucleotides and nucleosides produced changes in the NA, RNA, 
protein and nitrogen content of the Chang liver cells. It is remarkable 
that these findings in each experimental series are correlated with an 
elongation of the life-cycle. This is particularly evident in the para-
meter T. Furthermore, it is apparent that the effect of uridine is de-
tectable only when the cells are incubated with 2,7 mM uridine for 48,5 
hours. It was already observed in 2.5.2 and 3.1.2 and again here in 4.1 
that in the controls the amount of protein, NA and RNA per 106 cells 
decreases after 40 hours cultivation. However, cell multiplication was 
not impaired. It seems therefore reasonable to explain the effect of 
the nucleotides and nucleosides in the same way as the effects of the 
added yeast RNA (3.1.1 and 3.1.2). That is, it seems as if the added 
substances are inhibiting the decrease of protein, NA and RNA in the 
cultures at the moment when the medium becomes poor in nutrients 
and secondly, by increasing the doubling time, it might be possible, 
that the unspecific effect is due to a lower concentration of cells/ml 
culture, i.e. the medium is not so exhausted as in the controls with 
higher number of cells/ml. Where cell growth is not blocked and cell 
multiplication continues - at a lower level, however - it is understand-
able, that the amount of protein, NA and RNA per 106 cells in the 
expérimentais is higher than in the controls. It is not necessary to 
claim an incorporation as such of the added substances on basis of the 
recorded results. The fact that protein content per 106 cells increases 
after the cells have been incubated with yeast RNA only suggests that 
some of the yeast RNA is taken up; on basis of the results of BORRISS 
and KOCH (1963, 1965), KOCH (1963), ELLEM and COLTER (I960, 
1961), KLEIN (1960, 1961) and GUSTAFSON et al. (1962) it is reason-
able to assume that only a part of the yeast RNA is taken up intact, 
enhanced by the hypertonic pretreatment, but even the effects of this 
part can be copied by mixtures of free nucleotides or nucleosides only. 
In the subsections 4.2 and 4.3 the results are already discussed in 
view of the experiments of BORRISS, SHU and KOCH (1965), YOON 
(1965), WIESNER (1965), TRAMS (1965) and AMOS (1963). As in the 
case of Chang liver cells incubation with yeast RNA (the low concen-
trations are most effective without pretreatment with hypertonic salt 
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solution), the high molecular weight T e t r a h y m e n a RNA in a final 
concentration of 80 μg/ml produced m o r e changes on the amount of NA, 
RNA and protein per 106 cells than a high concentration (400 μg/ml) of 
low molecular weight T e t r a h y m e n a RNA. The data of several 
authors reporting the same phenomenon a r e reviewed in 1.2.4.2. 
Fur thermore, it was observed, that incubation with yeast RNA did 
not protect the cells against the action of actinomycin D. 
On the other hand, yeast RNA exerted a more pronounced effect on 
cells incubated for 5 hours with actinomycin D, than on untreated cel l s . 
It might be an indirect confirmation of the findings by AMOS (1963), who 
reported that the effect of the actinomycin in his fibroblast cultures 
could be suppressed by an E. C o l i RNA preparat ion. In our experi­
ments, however, it must be admitted that only a partial recovery was 
produced by RNA: the level of the untreated cultures is not reached 
(4.3). BORRISS, SHU and KOCH (1965) observed that actinomycin С 
did not influence the adsorption of the 32р_Шч|д from Ehrlich asc i tes 
tumor cells on amnion and HeLa cells in suspension cul tures . 
Therefore, also the resul t s of the subsections 4.2 and 4.3 seem to 
support the hypothesis, that the effect of added yeast RNA is a non­
specific one. 
Finally we would like to draw attention to the fact, that the amount of 
DNA per 106 cells remains constant in the various experiments. *) 
This seems remarkable, because the doubling t ime, T, is variable. If 
we look at the intermitotic cel ls , their mean DNA value will be: 
ap + 1,5 aq + 2 a r 
ρ + q + r 
if p, q and r a r e the fractions of cells in Gl , S o r G2-phase resp. , and 
a is the DNA content of cells in G i . 
The fraction of cells in a given phase is exponentially related to the 
duration ofthat phase. Now, if Τ (= Gl + S + G2) is changed, this means 
that the duration of one or more of the different phases must have 
changed as well, concomittantly the fraction of cells in that phase (those 
phases), and consequently the mean content of DNA. 
In the case that all phases a r e elongated to about the same extent, 
then, of course, the mean value of DNA will not change. If we assume 
that the duration of one phase only is changed, calculation shows that 
elongation of the Gi-phase alone will change the mean DNA content with 
about 4-5%, but that elongation localized in S or G2 will change that 
mean value by 15-25%. 
*) Both in DNA treated and untreated cultures DNA content per 106 cells remains 
constant. It shows that the exogenous DNA at least during the time of observation 
is converted in compounds, which can be removed during pre-extraction procedures. 
149 
The standard error of the DNA determinations allows us to conclude, 
that the elongation of Τ cannot be localized in S or G2 (see also SMETS, 
1965). Because of divergencies of the cellular processes during the 
three phases, a general slowingdown of all phases does not seem very 
probable, and therefore we would tentatively conclude that the prolon­
gation of Τ is traceable to effects on Gl. 
4.4.2 P r o s p e c t s 
In this last subsection we would like to point out some problems 
posed by our experimental results. 
The observation that there is an increase over controls in NA, RNA 
and protein per 1θ6 cells in expérimentais suggests the need for further 
morphological study; in particular the origin of multinucleated giant 
cells remains to be elucidated. Furthermore, it should be tested if a 
chemically defined messenger RNA (e.g. poly U) can stimulate the in-
corporation of phenylalanine, or even cause the synthesis of polyphe-
nylalanme. We did some experiments *) m this field (not treated in the 
previous chapters), but we found no significant results. Similar spe-
cific effects should perhaps be studied with purified RNA fractions, 
although the results of IMSANDE and EPHRUSSI (1964), as distinct 
from the results of NIL) and coworkers (1962, 1965) do not seem very 
hopeful. 
The development of "molecular biology" is explosive since some 
years, and many results (and still more hypotheses) have been brought 
to the notice of the general public. This has led in the minds of many 
to the idea that perhaps very shortly molecular biologists will be able 
to control the genetic pattern of human beings, and to direct the deve-
lopment (GEERTS, 1965 and v.ARKEL, 1965) of mankind. 
In a way we may be glad that the results of science are divulged so 
fast, but this easy communication has its dangers too (THIADENS, 
1964a, b). Many private speculations thus degenerate into public delu-
sions (v.ARKEL, 1965). 
A review of the literature shows that, although something like spe-
cific transformation seems to be possible, direct hope for a general 
application in a near future seems rather questionable. 
If this future will be the present, we can only hope (with v.ARKEL) 
that mankind will be mentally ripe to manipulate this power to its profit. 
But who will, m that Brave New World, determine what is to the profit 
of whole mankind? 
*) I wish to express my sincere thanks to Prof.Dr. T.Huitín, the Wenner Gren Institute 
for Experimental Biology, University of Stockholm, Stockholm, Sweden, for valuable 
help and stimulating discussion in these first preliminary experiments. 
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SUMMARY 
Attempts to produce transformation in animal cells in v ivo and 
in v i t r o by means of DNA or RNA are described in the literature 
review (1.2). This review serves as a background for the present re-
search. It is clear from the survey of literature that studies on trans-
formation have de f a c t o included all research about information 
transfer by means of exogenous nucleic acids (1.3). 
In recognition of this the strict definition of RIEGER and MICHAELIS 
(1958) must be changed into a more loose one. The experiments pre-
sented here can be considered as a first preparation for later trans-
formation (in the broad sense) research; they are carried out primarily 
in order to facilitate discrimination between specific and non-specific 
effects of exogenous nucleic acids. The purpose of this background 
research has not been to induce in cultures a specific characteristic 
which was not present before treatment, but to examine the influence 
of nucleic acids on the entire behavior of the cells maintained, as far 
as possible, under constant culture conditions. 
Monolayers of calf liver cells, and human liver cells (Chang-3-J) in 
suspension cultures have been studied in order to arrive at a tentative 
clarification of the manner with which these mammalian cells react 
when incubated with nucleic acids, especially with RNA. The "behavior" 
will arbitrarily be defined as consisting of the following parameters: 
content of nitrogen, protein, total nucleic acid, DNA and RNA, and some-
times also: arginase activity and the doubling time of the cultures: T. 
In chapter 2 is described, how bio- and cytochemical methods in 
common use are adapted to our cell strains. Moreover, the limits of 
confidence of the methods used have been calculated, to enable deci-
sions to be made about the effects studied. 
The experiments reported in chapter 3 were carried out in order to 
determine whether the cultures were reacting at all to the nucleic 
acids. For that reason it was decided to study the effects of commer-
cially available yeast RNA, because, presumably, this material has 
little or no specific information content. 
The amount of NA, RNA and protein per 10^ cells is increased by 
incubation with the yeast RNA, but the observed increase in both cell 
strains is variable. However, the DNA content was the same in both 
treated and untreated cultures. 
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Yeast RNA induces development of abnormal, multinucleated giant 
cells in our calf liver cultures. However, the frequency of these cells 
is very low: approximately 0,01 - 0,05% (3.3). 
In order to enhance the effects of the yeast RNA and to make this 
effect more uniform the cultures were incubated with a hypertonic salt 
solution (0,6 M NaCl) at 370C for a short period directly before the 
treatment with yeast RNA. It is demonstrated that a hypertonic pre­
treatment of 5 - 7 minutes duration accentuated increases in NA, RNA 
and protein/ 106 calf liver cells produced by incubation with yeast 
RNA, i.e. in experiments 3.1.1 the % increase of NA, RNA and protein 
with reference to the control was 6 - 23%, whereas the corresponding 
values after pretreatment in experiments 3.2.1 varied between 54 - 88%. 
However, the increases were not directly related with the amount of 
RNA in the incubation medium. In similar experiments, it was found, 
that, with Chang liver cells (3.2.2) the hypertonic pretreatment also 
accentuated the effects of yeast RNA on the parameters studied. It was 
found that by pretreating the Chang liver cells with a hypertonic salt 
solution the amount of NA, RNA and protein increases as a function of 
the yeast RNA concentration (208, 416 and 833 μg/ml medium) in which 
the cells were incubated. 
During incubation in a glutamine-free medium the arginase-activity 
of (extracts from) Chang liver cells does not change. Resupplemen-
tation with glutamine induces a fast increase of this activity. The in­
crease is the same if the cells have been incubated during glutamine 
starvation with 227 μg yeast RNA/ml, but incubation with 825 μg yeast 
RNA/ml during that period results in an increase that is both faster 
and on higher level. 
Normal cells, incubated with RNA after a hypertonic pretreatment, 
show a dose dependent increase of arginase activity relative to con­
trols. However, it is impossible to deduce from the experiments in 
which way RNA causes this increase. 
In a further analysis of the effects of yeast RNA Chang liver cells 
were incubated with (mixtures of) nucleotides and nucleosides. Uridine 
(in 0,4 and 0,8 mM concentration) or orotic acid (1,25 and 2,50 mM con­
centration) were without effect. But incubation with 2,7 mM uridine, 
0,4 or 3,4 mM thymidine, and mixtures of uridine and thymidine (U/T 
= 1 ; 0,4 mM total concentration) as well as 245 and 480 μg depolymerized 
yeast RNA/ml resulted in an elevation of the content of NA, RNA, 
protein and nitrogen. When these parameters were increased, the 
doubling time of the cultures was lengthened. It was argued that this 
lengthening is situated probably in the Gi phase of the cell cycle only. 
Next, incubations with RNA preparations from various sources (4.2) 
were studied to test for differences in effects between homologous and 
heterologous nucleic acids (cf. 1.2.4). Also the role of the physiological 
state of the cells was tested (4.3, cf. 1.2.4). The following RNA pre-
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parations did not change the content of NA, RNA and protein per 10^ 
cells: cytoplasmic RNA from bovine liver (273 μg/ml), nuclear RNA 
from calf liver (260 μg/ml), low molecular weight Tetrahymena RNA 
(400 μg/ml). However, a small increase was caused by DNA from calf 
thymus (500 μg/ml), while RNP from calf liver (225 μg/ml) and high 
molecular weight Tetrahymena RNA (80μg/ml) gave highly significant 
increases in content of N A, RNA and protein per 106 cells. It was found 
that also in these experiments significant changes in the content of 
cellular substances were accompanied by a lengthening of T. 
Yeast RNA (690 μg/ml medium) has a more pronounced effect on 
Chang liver cells incubated for 5 hours with actinomycin D (0,2 μg/ml 
medium) than on untreated cells. However, the exogenous RNA could 
only partially reverse the changes in the parameters studied, which 
were caused by the blocking of intracellular RNA synthesis. 
It was therefore stated m 4.4 that the effects, namely the increases 
in the content of NA, RNA, protein, nitrogen and arginase activity ac­
companied by an elongation of the doubling time, were non s p e c i f i c , 
because they could be produced by incubating the cultures with yeast 
RNA as well as with mixtures of free nucleotides and nucleosides or 
with nucleic acids of different origin. 
In control cultures there is a drop m cellular NA, RNA and protein 
content after 40 hours of culturmg, though there is no change of Τ at 
that time. This drop is tentatively explained through exhaustion of the 
medium after 40 hours. The positive effects of the exogenous nucleic 
acids (3.1) could then be explained m two ways: 
1) Because Τ is longer in the RNA-treated cultures, less cells are 
present per ml after 40 hours, i.e. the medium is less depleted than 
m the controls. 
2) The added substances play mainly a nutritive role. 
This last possibility is suggested by the data which show that the 
magnitude of the effect is hardly influenced by the type of RNA tested, 
and that the same response can be elicited by wholly degraded RNA or 
nucleoside mixtures. 
Data from the literature (1.2.4) indicate that part of the exogenous 
nucleic acids can betaken up m an undegraded form by cells. Our data 
(e.g. the fact that a small amount of high molecular weight Tetrahymena 
RNA gives a stronger effect than a much bigger amount of low mole­
cular weight Tetrahymena RNA) also allow such a conclusion to be 
drawn. *) 
*) However, once taken up the exogenous nucleic acids are degraded very fast. In 
some experiments (not treated in this thesis) we could not demonstrate incorpo­
ration of Зн-uridine in cultures treated with RNA, this could be interpreted as a 
proof that the intracellular pool of free nucleic acid precursors is very high after 
treatment. The fast breakdown also applies to DNA (4.4). 
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We have no indications that the RNA taken up in a (possibly) intact 
form could exert specific functions in the cell. It is possible, of course, 
that the increase in protein content per 106 cells after NA treatment, 
is caused by synthesis of enzymes particular to the added NA. The only 
enzyme which was tested by us (arginase) did not show s p e c i f i c al-
terations, however. 
Finally some proposals are made about further work 
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SAMENVATTING 
De pogingen om in dierlijke cellen transformatie tot stand te bren-
gendoormiddel van DNA of RNA, zowel in v ivo als in v i t r o , zijn 
beschreven in een literatuuroverzicht (1.2), als achtergrond en bron 
van inspiratie van het eigen onderzoek. Het blijkt, dat onder transfor-
matie de f a c t o alle overdracht van informatie door middel van 
exogeen nucleinezuur verstaan wordt (1.3), en dat dus dit begrip in een 
veel bredere zin opgevat moet worden dan RIEGER en MICHAELIS 
(1958) dit deden. 
Ons onderzoek is op te vatten als een eerste voorbereiding op latere 
transformatie-experimenten in deze ruimere zin, om duidelijker het 
onderscheid tussen specifieke en met-specifieke effecten van exogene 
nucleinezuren te kunnen waarnemen. Het was hierbij met de bedoeling 
- zoals m transformatie-experimenten met bacteriën -, om een be-
paalde eigenschap te induceren die voor de incubatie met aanwezig was, 
maar veeleer om het hele "gedrag" van de culturen bij incubatie met 
exogene nucleinezuren te bestuderen. 
Het onderzoek werd verricht met zogenaamde "established cell lines", 
en wel met kalfslever-cellen, als monolayers gekweekt, en met humane 
levercellen (Chang-3-J) in suspensieculturen. Het effect van de exo-
gene nucleinezuren, voornamelijk van het RNA, op het "gedrag" van 
deze culturen werd bestudeerd met behulp van de volgende parameters: 
het gehalte aan stikstof, eiwit, totaal nucleinezuur, DNA en RNA, als-
ook de arginase activiteit, gewoonlijk zowel per cultuur als per cel. 
Als maat voor de groeisnelheid werd de verdubbelmgstijd van de cul-
turen bepaald. 
In 2.3 en 2.4 is beschreven, hoe de gebruikelijke bio- en cytochemi-
sche methoden aangepast werden aan de onderzochte celstammen, en 
werd bepaald, met welke betrouwbaarheid verschillen tussen controle 
en behandelde culturen vastgesteld kunnen worden. 
Om na te gaan, hoe de celstammen reageerden op een incubatie met 
nucleinezuur, werd allereerst een aantal experimenten uitgevoerd, 
waarbij gist-RNA uit de handel als exogeen nucleinezuur aan de cul-
turen toegevoegd (3.1), omdat bij dit materiaal geen specifieke infor-
matie-inhoud te verwachten is. Bij beide celstammen is geconstateerd, 
dat het gehalte aan totaal nucleinezuur, RNA en eiwit/ 10° cellen door 
de incubatie met gist-RNA toenam, hoewel de toename m de behandel-
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de culturen variabel was. Het gehalte aan DNA per 10^ cellen bleef in 
behandelde culturen gelijk aan dat van de controles. 
De incubatie met gist-RNA deed in de kalfsleverculturen veelkemi-
gereuzencellen ontstaan, hoewel de frequentie zeer gering was (0,01 -
0,05%): (3.3). 
Om het effect van het gist RNA te verhogen en meer uniform te ma-
ken ondergingen de culturen direct voor de incubatie met gist RNA 
een korte behandeling bij 370C met een hypertonische zoutoplossing 
(0,6 M NaCl). Bij de kalfslever-cellen werd geconstateerd, dat deze 
voorbehandeling het effect van het gist RNA verhoogt, en dat een ma-
ximum effect optreedt bij een voorbehandeling van 5 - 7 minuten. De 
toename van het gehalte aan totaal nucleïnezuur, eiwit en RNA per 
106 behandelde cellen in % van de controleculturen bedroeg zonder 
voorbehandeling 6 - 23% (3.1.1), na voorbehandeling 54 - 88% (3.2.1). 
Deze verhogingen waren niet duidelijk gecorreleerd met het NZ ge-
halte van het kweekmedium. Ook bij de Chang levercellen werd waar-
genomen, dat een hypertonische voorbehandeling de spreiding in de re -
sultaten verminderde en een hoger effect gaf. Het bleek hier, dat na de 
voorbehandeling met hypertonische zoutoplossing een verhoging van 
de concentratie gist RNA (208, 416 en 833 μg/ml medium) gepaard 
ging met een sterkere toename van het gehalte aan de bovengenoemde 
substanties (3.2.2). 
Tijdens incubatie in een glutamine-vrij medium blijft de arginase-
activiteit van (extracten uit) Chang levercellen gelijk. Toevoeging van 
glutamine geeft een snelle toename van deze activiteit. Deze toename 
wordt niet beïnvloed door het feit, dat tijdens de glutamine-vrije pe-
riode 227 μg gist-RNA/ml aanwezig was; alleen na incubatie met een 
hoge RNA concentratie (825 μg/ml) is de toename van de arginase 
activiteit sneller en groter (3.2). Cellen in normaal medium, echter na 
voorbehandeling met hypertonische zoutoplossing, geïncubeerd met RNA 
vertonen een sterkere toename van de arginase-activiteit dan controles, 
in afhankelijkheid van de gebruikte dosis RNA. Uit de gegeven experi-
menten is niet op te maken, op welke wijze gist RNA deze toename 
veroorzaakt. 
In een poging om de effecten van het gist RNA te verklaren werden 
Chang levercellen allereerst geïncubeerd met (mengsels van) nucleo-
tiden en nucleosiden (4.1). Het bleek hierbij, dat toevoeging van uri-
dine (0,4 en 0,8 mM) en orootzuur (2,50 en 1,25 mM) geen effect sor-
teerde. Daarentegen verhoogde de incubatie met uridine (2,7 mM), 
thymidine (0,4 en 3,4 mM), mengsels uridine-thymidine (U/T = 1; 0,4 
mM) en gedepolymeriseerd gist RNA (245 en 480 μg/ml) het gehalte 
aan nucleïnezuur, RNA, eiwit en stikstof. Deze verhoging ging gepaard 
met een verlenging van de verdubbelingstijd.· T. Deze verlenging be-
rust waarschijnlijk op een verlenging alleen van de Gl fase van de cel-
cyclus. 
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Vervolgens werden nucleïnezuren van verschillende oorsprong (4.2) 
aan de culturen toegevoegd om na te gaan, of er een verschil bestaat 
tussen de effecten van heteroloog en homoloog nucleïnezuur (verg. 
1.2.4), in aansluiting op de experimenten van 4.1, waar getoetst werd 
of de lengte van het macromolecuul van invloed was. Tevens werd on-
derzocht, in hoeverre de physiologische toestand van de culturen een 
rol speelde (4.3 en verg. 1.2.4). Welnu, cytoplasmatisch runderlever-
RNA (273 ug/ml medium), nucleair kalfslever-RNA (260 μg/ml medium) 
en laag moleculair Tetrahymena RNA (400 μg/ml medium) deden niet 
het RNA, nucleïnezuur en proteïne gehalte per IQÖ cellen in de behan-
delde culturen toenemen in vergelijking met de controle. Daarentegen 
riepen het kalfsthymus-DNA (500 μg/ml medium) een geringe en het 
kalfslever-RNP (225 μg/ml medium), alsook het hoogmoleculair Te­
trahymena RNA (80 μg/ml medium) verhogingen op in het RNA-, nu­
cleïnezuur- en eiwit-gehalte per 106 cellen. Ook hier werd geconsta-
teerd, evenals in hoofdstuk 3 en in de eerste paragraaf van hoofdstuk 4, 
dat deze verhoging gecorreleerd was met een verlenging van de ver-
dubbelingstijd: T. 
Gist RNA(690μg/ml medium) had een groter effect op Chang lever­
cellen die gedurende 5 uur behandeld waren met actinomycin D (0,2 
μg/ml medium) dan op onbehandelde culturen. De gevolgen van de ge­
remde endogene RNA synthese werden door het exogene RNA echter 
slechts voor een klein deel opgeheven in de door ons onderzochte pa­
rameters. 
De effecten-verhoging van het gehalte aan totaal nucleïnezuur, RNA, 
eiwit, stikstof en arginase activiteit bij een verlenging van de verdub-
belingstijd - zowel opgeroepen door gist RNA, door mengsels van vrije 
nucleotiden en nucleosiden, alsook door nucleïnezuren van geheel ver-
schillende oorsprong, moeten genoemd worden: n i e t s p e c i f i e k . 
In controleculturen neemt het gehalte aan eiwit, totaal NZ en RNA 
per 106 cellen af na 40 uur kweken, terwijl de verdubbelingstijd dan 
nog niet beïnvloed wordt. Aangenomen werd, dat de afname van het 
gehalte aan bovengenoemde stoffen te wijten is aan uitputting van het 
medium. De positieve effecten van nucleïnezuren, gemeld onder 3.1 en 
3.2, zouden dan kunnen berusten op de volgende factoren: 
1) Door de verlengde verdubbelingstijd is het aantal cellen in de met 
NZ behandelde culturen lager dan in de controles op hetzelfde tijd-
stip; de uitputting van het medium is dus minder ver voortgeschre-
den. 
2) De toegevoegde substanties hebben vooral een nutritieve functie. 
Deze laatste mogelijkheid wordt vooral gesuggereerd door de gege-
vens die aantonen, dat de grootte van het effect vrijwel onafhankelijk 
is van de s o o r t RNA die gegeven wordt en dat bovendien ditzelfde 
effect geïnduceerd kan worden door volledig gedepolymeriseerd RNA 
of door mengsels van nucleosiden. 
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De gegevens uit de literatuur (1.2.4) laten zien, dat althans een deel 
van het RNA intact opgenomen kan worden. Onze uitkomsten (o.a. het 
feit dat een lagere concentratie hoogpolymeer Tetrahymena RNA een 
sterker effect geeft dan een hogere concentratie laag polymeer RNA) 
laten eenzelfde verklaring toe. *) 
Voor een eventueel specifiek effect van dit mogelijk intact opgenomen 
RNA hebben wij geen aanwijzingen. Uit de aard der zaak is het moge­
lijk, dat het verhoogde eiwitgehalte per 106 cellen ten dele voortkomt 
uit de synthese van nieuwe, voor het toegevoegde RNA specifieke, en­
zymen. Het enige enzym, dat wij onderzochten - arginase -, vertoont 
echter geen s p e c i f i e k e veranderingen. 
Op grond van de hier beschreven experimenten zijn enkele voorstel­
len gedaan voor verder onderzoek (4.4.2). 
*) Dat echter een sterke afbraak van het opgenomen RNA optreedt, volgt uit enige 
hier met verder behandelde experimenten, waarbij autoradiographisch geen incor­
poratie van Зн-uridine gevonden werd in met RNA behandelde culturen. Dit zou 
kunnen wijzen op een zeer sterke verdunning van de intracellulaire nucleotidepool 
onder invloed van exogeen RNA. Dit geldt eveneens voor het DNA (4.4). 
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